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(57) Abstract 



The family of dyes of die invention are fluoresceins and rtiodols that are directly substituted on one or more aromatic carbons 
by fluorine. These fiuorine-substinited fluorescent dyes possess greater pbotost&bility and have lower sensitivity to pH changes in die 
physiological range of 6-8 tlian do non-fluorinated exhibit less qutmdiing when conjugated to a substance, and possess additional 
advanta^. The dyes of die invention are useful as detectable tracers and for preparing conjugates of ofganic and inorganic substances. 
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FLUORINATED XANTHENE DERIVATIVES 

FIELD OF THE INVENTION 

5 

The invention relates to novel fluorinated xanthene dyes (including fluorescein and rhodol dyes), 
reactive dye derivatives, dye-conjugates and dyes that are enzyme substrates; and to their use. 
Additionally a facile synthesis for fluorinated resorcinols and aminophenols is provided. 

10 BACKGROUND OF THE INVENTION 

Fluorescent dyes are known to be particularly suitable for biological applications in which a 
highly sensitive detection reagent is desirable. Fluorescent dyes are used to impart both visible color and 
fluorescence to other materials. The dyes of this invention are fluorine-substituted analogs of xanthene- 
1 5 based dyes that are typically fluorescein or rhodol derivatives. 



•^Fluorescein" dyes include derivatives of 3/f-xanthen-6-ol-3-one that are substituted at the 9- 
position by a 2-carboxyphenyl group, while "rhodol dyes" include derivatives of 6-amino-3/f-xanthen-3- 
one that are substituted at the 9-position by a 2-carboxyphenyl group. 




Rhodols and fluoresceins are typically substituted at die 1 -position by a derivative capable of 
forming a 5- or 6-membered lactone or lactam ring: 
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Despite the known tendency of halogenation to shift the wavelength of fluoresceins, new 
fluorinated flucHPesceins retain the favorable characteristics of fluorescein, including high absorbance and 

5 fluorescence, excitation at 488 nm (e.g. argon laser), and compatibility with standard microscope filters; 
with demcMistrated advantages over fluorescein, including greater photostability and a significantly lower 
pKa (>KS pH units on the otherwise unsubstituted dyes, see Figure 3). The improved properties of the 
fluorinated dyes are retained in their conjugates and there is decreased quenching of dye on conjugates 
(e.g. Figure 1 ). The new materials are suitable for use in known applications of fluoresceins and rhodols 

10 except those requiring sensitivity to pH changes near pH 7. Additionally, poiyfluorination of the phenyl 
substituofit present in most fluorescein and rhodol dyes provides a novel route to reactive derivatives and 
conjugates. Certain fluorinated xanthenes are unexpectedly well-retained in cells. 



The unique chemistry of fluorine is incompatible with methods that are typically used to prepare 
15 chlorine, bromine or iodine substituted fluorescein derivatives, and efficient methods for preparing 
fluororesorcinol and fluoroaminoph«iol intermediates have not previously been described. A novel 
means of preparing 1'- and/or 8'-substituted xanthenes is also described. 



DESCRIPTION OF DRAWINGS 

20 

Figure 1 : Fluoresc^ice versus degree of substitution for dye-conjugates of goat anti-mouse 
immunoglobulin G (GAM IgG). Fluorescence is determined by measuring the quantum yield of the dye- 
conjugate relative to the free dye and multiplying by the number of fluorophores per protein: Compound 
109 (A), Compound 64 (■), Compound 61 (•) and fluorescein isothiocyanate (FTTC, □). 

25 

Figure 2: Relative jriiotostability of dye-conjugates of GAM IgG. The conjugates of fluorinated dyes 
exhibit enhanced photostability relative to non-fluorinated dyes: Compound 59 (■), Compound 109 
(A), Compound 35 (□) and 6-carboxyfluorescein (#). 
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Figures: The effect of fluorination on pH-depradent fluorescence: Compound 35 and 6- 
carfooxyfluorescein (O) (excitation/emission at 490/520 nm). 

Figure 4: Relative photostability of phalloidin conjugates of 6-carboxymethyIthio-2',4^,7,r- 
5 pentafluorofluorescein (■) and 6-carboxyfluorescein (•). 

Figure 5: Retention of fluorescence in cells treated with I) Compound 25, 2) fluorescein diacetate 
(FDA) and 3) Compound 26. 

10 SUMMARY OF THE INVENTION AND DESCRIPTION OF PREFERRED EMBODIMENTS 

The dyes of the mvention are fluoresceins and riiodols that are directly substituted at one or more 
aromatic carbons by fluorine. In describing the dyes» carboxy means -COOH, biologically compatible 
salt of a carboxylic acid, or a biologically compatible ester of a carboxylic acid; sulfo means -SO3H, or a 
15 biologically compatible salt of a sulfonic acid. A biologically compatible salt means a salt that is not 
deleterious to biological systems, including K+ Na+ Cs+, Li+ Ca2+ Mg2+ and NR4+ salts, where R 
= H, C 1 -C4 alkyl, or C2-C4 alkanol or combinations thereof. A biologically compatible ester means a 
readily hydrolyzable ester used in biological systems, e,g. a-acyloxyalkyi esters (typically -CH2-O- 
(C=0>r18 where r1« is Ci^ alkyl, especially acetoxymethyl (CH3CO2CH2-) esters). 

20 

In one embodiment, the dyes have the formula 




Formula I 



Substitucnts Rl and r6 are independently H, F. CI, Br, I, Ci-Cjg alkyl or Ci-Cig alkoxy. 
Typically, R ^ and R^ are H or F. 

Substituems r2 r3^ r4 and r5 are independently H, F, CI, Br,.I or CN, or a Cj-Cig alkyl, 
alkoxy, or alkylthio group. An alkyl, alkoxy, or alkylthio dye substituent is optionally further substituted 
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by CI, Br, I» carboxy» sulfo, amino, alkylamino, dialkytamino or alkoxy, the alkyl portions of each 
independently having 1-6 carbons. Additionally, dye substituents and are optionally each 
-CH2-N-(CR^^C00R17)2, where R^^ is H, a biologically compatible counterion, a linear or branched 
alkyl having 1-6 carbons, or an a-acyloxyalkyi ester, and R^^ is H or Cf-C^ alkyl. 



Substituent A is -NR^R^ or -0R7, where R? is H, C i -C i g alkyl or C i -C i g acyl that is 
optionally substituted by amino, hydroxy or carboxy, or R^ is a trialkylsilyl moiety, the aikyi portions of 
which have 1 -6 carbons. Substituents R^ and R^ arc independently H, an alkyl having 1-6 carbons, or 
acyl having 1-18 carbons. Where one or both of R^ and R^ are alkyl or acyl, the alkyl portions are 
10 optionally furth^ substituted by carbo?^ or sulfo. Additionally, R^ when taken in combination with R^, 
or R^ when taken in ccmbination with R^, or both, form a saturated 5- or 6-membered ring that is 
optionally substituted by one or more methyls. Alternatively, R' and R^, when taken in combination, 
form a saturated 5* or 6-membered heterocycle that is a pipcridine, a morpholine, a pyrrolidine or a 
piperazine that is optionally substituted by methyl, or carboxy. 



Substiturat R^^ is F, carboxy, or a C^-Cig alkyU alkenyl or alkynyl group. Where R^O is alkyl, 
it is optionally substituted by F, CI, Br, carboxy, sulfo, amino, alkylamino or dialkylamino where the 
alkyl portions of each substituent have* 1-6 carbons. Alternatively, rIO is an aryl: 



(swnctimcs referred to as the 1>ottom ring*^. Substituents r12, r13^ r14^ r15 and R^^ are 
independently H, F, CI, Br, I, carboxy, sulfo, CN, nitro, hydroxy, azido, amino or hydrazino, or C i -C i g 
alkyl, alkoxy, alkylthio, alkylamino, alkylester, ail^lamido or arylamido, the alkyl or aryl portions of 
which are optionally substituted by F, CI, Br, I, hydroxy, carboxy, sulfo, amino, alkylamino, 
25 dialkylamino or alkoxy, the alkyl portions of v^ich have 1-6 carbons. Alternatively, any two adjacent 
substituents of R^^^ {(14^ rIS and R^^, when taken in combination, form a fused 6-membered aromatic 
ring (making R^^ a naphthyl) that is opticmally further substituted by carboxy. 

In one embodiment, R^^^ is a substituted aryl, preferably phenyl, R^^ is a carboxy, and R^^, 
30 R^^, R15 and R^^ are independently H, F, (h- carboxy. In another embodiment, r12 is a carboxy or a 
sulfo, and none of Rl3, r14 r15 or Rl^ is F. In yet another embodiment, three of r13, r14 r15 and 
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In another embodiment, the dyes have the fonnala 




0-r' 



Foimuia II 



where substituents Rl-7 RlO, ami A are as defined previously, and rI 1 is H. hydroxy. CN or C,^ 
alkoxy. or RlO and Rl 1 fonn a 5-membered spirolactone ring, or RH and r12 fo™ a 5- or 6-membered 
10 spirolactone ring, or a 5- or 6-membered sultone ring, for example (additional substituents arc not 

shown): 





The methylene carbons of the spirolactone ring or spirosultone ring aie optionally and independently 
substituted by H, F or CH3. 

Ahematively, RlO togeAer witii RH « a carbonyl oxygen, according to the simplified formula 
below (additional substituents are not shown). 
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Dye embodiments that incorporate a spirolactone ring are representative of a structural isomer 
that may exist in equilibrium with the isomer wherein R^^ is a carboxylic acid, or R^^ is a propionic or 
butyric acid. Dyes that incorporate a spirosultone ring may exist in equilibrium with the isomer wherein 
5 R^^ is a sulfonic acid, or R^^ is a sulfonic acid-substituted ediyl or propyl. Isomers that incorporate a 
spirolactone or spirosultone ring are non-fluorescent until the ring is opened. 



Where A is OR^, R^^ is aryl and R^^ is carboxy, the described dye is a fluorescein (Formula I) 
or a dihydrofluorescein (Formula II). Where A is NR^R^, R^O js aryl and R^^ is carboxy, the described 
10 dye is a rhodol (Formula I) or a dihydrorhodol (Formula II). 

For all embodiments of the invention, at least one of R^, R^ r3, r4 r5^ r6^ rIO^ r12^ r13^ 
r14, r15 or r16 is fluorine (F). The fluorinated xanthenes optionally possess a reactive group that is 
bound to the fluorophore by a single bond or a linking moiety, and may be used to prepare a dye- 
15 conjugate. The dyes optionally contain an R^ substituent that makes the dye photoactivatible or more 
cell-permeant, or makes the dye a substrate for an enzyme, or modifies its spectral prc^rties. 

In one embodiment, one or more of r1, r2, r3, r4^ r5 and R^ is F. In an additional 
cmbodimCTt, where at least one of R2 r3, r4 and r5 is F, none of R12, r13, r14 r15 and R^^ is F. In 

20 yet another embodiment, where at least one of R^ r3, r4 and R5 is F, at least one of R^^, rI3, r14^ 
r1 5 and R*^ is F. In another embodim^t at least one of the substituents (other than r3 and R4) is F. 
Alternatively, R^ and r6 are H, and R^ r3, r4^ and R5 are H, F, CI, Br, 1, or C i-Cg alkoxy, provided 
that^ least one of the substituents is F. In another embodiment, at least one of R^^, r13^ r14^ r15 
r16 is F. In one embodunent, four ofR^^, K^^y R*^, R^5 and r16 is F. In another embodiment, each 

25 of R13, r14 r15 and R^^ is F. In another embodiment, where at least one of R^^ rI3^ r14 r15 and 
r16 is F, none of R^, R^ r3, r4, r5 and R^ is F. In yet another embodiment, r1^ is F. 

Typically, where A = 0R7, either r2 and R5 arc F, or r3 and R4 are F, or r2, r3, r4 and R5 are 
all F. Where A = NR*r9, preferably R5 is F, resulting in a drop in the pKa; where R2 is F, the pKa is 
30 comparable to diat of the non-fluorinated compound. For both A = NR^R^ and A= 0R7, where each of 
Ri3 through r16 is flucmnated, the resulting dyes react readily with nucieophiles, and where in addition 
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Rl 1 and r12 taken in combination, are spiiolactone. the resulting dyes are well retained in cells or 
attach readily to biological molecules. 

Preferred dyes possess a quantum yield m aqueous solution (pH = 6) of greater than 0.50. 
5 Preferably these dyes possess a pKa of less than 5.0. The extincUon coefficient of preferred dyes 
measured at a wavelength greater than 490 nm at pH 6.0 is greater than 60,000 cm-lM-1. Preferably, 
the fluorinated dyes exhibit a fluorescence emission maximum that is shifted less than 15 nm relative to 
that of the non-fluorinated analog. Spectral properties of selected dyes are given in Table 1 
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One embodiment of the fluorinated fluorophore contains at least one group -I^Rx, where Rx is 
the reactive group that is attached to fluorophore by a covalent linkage L. In certain embodiments (see 

5 Table 9) Rx is attached to the dye by multiple intervening atoms that serve as a spacer. The dyes with a 
reactive group (Rx) fluoresccntly label a wide variety of organic or inorganic substances that contain or 
are modified to contain functional groups with suitable reactivity, resulting m chemical attachment of the 
conjugated substance (S^), represented by -L-S^ . The reactive group and functional group are typically 
an electrophile and a nucleophile that can generate a covalent linkage. Alternatively, the reactive group 

10 is a photoactivatable group, and becomes chemically reactive only after illummation with light of an 
qypropriate wavelength. Selected examples of functional groups and linkages are shown in Table 2, 
where the reaction of an electrophilic group and a nucleophilic group yields a covalent linkage. 

TABLE 2: Examples of some routes to useful covalent linkages 



t^iectropniiic oroup 


Nucleophilic Group 


Resulting Covalent Linkage 


flV 1 1 T 111 V^l 1 wdkbld 


oin incsr an ii mes 


carboxamides 


acyl arides** 


amines/anilines 


carboxamides 


acyl haltdes 


amines/anilines 


carboxamides 


acyl halides 


alcohols/phenols 


esters 


acyl nitriles 


alcohols/phenols 


esters 


acyl nitriles 


amines/anilines 


carboxamides 


aldehydes 


amines/anilines 


imines 


akiehydes or ketones 


hydrazines 


hydrazones 


aklehydes or ketones 


hydroxylamines 


oximes 


alkyl halides 


amines/anilines 


alkyl amines 


alky! halides 


carboxylic acids 


esters 


alkyl halides 


thiols 


thioethcrs 


alkyl halides 


alcohols/phenols 


ethers 


alkyl sulfonates 


diiols 


thioetbers 


alkyl sulfonates 


carboxylic acids 


e^ers 


alkyl sulfonates 


alcohols/phenols 


ethers 


anhydrides 


alcohols/phenols 


esters 


anhydrides 


amines/anilines 


carboxamides 


aryl halides 


thiols 


diiophenols 


aiyl halides 


am mes 


aryl amines 


aziridines 


thiols 


thioethers 
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glycols 


boronate esters 


ViCUUvJAyiLC OWIIIS 


amines/anilines 


carboxamides 


viaiuoxyuc aCluS 


aiconols 


esters 


carfooxylic acids 


hydrazines 


hydrazides 


carbod iiin idcs 


carboxylic acids 


N-acylureas or anhydrides 


diazoalkanes 


carboxylic acids 


esters 




thiols 


thtoethm 


haloacetamides 


thiols 


thioethers 


halotnaztnes 


amines/aniiines 


aminotriazines 


balotriazines 


alcohols/phenols 


triazinyl ethm 


imido esters 


amines/anilines 


amidines 


isocyanates 


annines/anilines 


ureas 


isocyanates 


alcohols/phenols 


urethanes 


isothiocyanates 


amines/anilines 


thioureas 


maleimides 


thiols 


thioethers 


phosphoramidites 


alcohols 


phosphite esters 


stlyi halides 


alcohols 


silyl ethers 


auiiuiusijc Coicrs 


amines/anilmes 


alky] amines 


aiiiianaie esters 


thiols 


thioethers 


sulfonate esters 


warDO/^uc acios 


esters 


sulfonate esters 


alcohols 




sulfonyl halides 


amines/anilines 


sulfonamides 


sulfonyl halides 


phenols/alcohols 


sulfonate esters 
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15 



, , « i5«*«aii7 ua¥c ulc lormuiB -i^wii, wnerc 12 IS a good leaving group 

(e.g, oxysuccinimidyl {^JUO^ oxysulfosuccinimidyl (-0C,H,OrSO,HX -1-oxybenzotriazolyl (-OQH^^- or an 
aryloxy group or ary loxy substituted one or more times by electron withdrawing substituents such as nitio, fluoro 
chloro, cyano, or trifluoromediyl, or combinations thereof used to form activated aryl esters; or a carboxylic acid' 
activated by a carbodiimide to form an anhydride or mixed anhydride -OCOR' or -OCNR'NHR*' where R" and R"* 
whidi may be the same or diffoent arc C,<; alkyl. C,-C, pcrfluoroall^U or C,-Q alkoxy; or cyclohcxyL 
3-dunethylaminoproi^l, or N-morpholinoethyl). 
Acyl azides can abo rearrange to isocyanates 

The covalent linkage L binds the reactive group Rx or conjugated substance Sc to the 
fluorophore, either directly (L is a single bond) or witii a combination of stable chemical bonds, 
optionally includmg single^ double, triple or aromatic carbon-carbon bonds, as well as carbon-nitrogen 
bonds, nitrogen-nitrogen bonds, carbon-oxygen bonds and carbon-sulfor bonds. L typically includes 
eAer, thioether, carboxamide, sulfonamide, urea, urethane or hydrazine moieties. Preferred L moieties 
have 1-20 nwihydrogwi atoms selected from the group consisting of C, N, O and S; and are composed of 
any combination of ether, thioether, amine, ester, carboxamide, sulfonamide, hydrazide bonds and 
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aromatic or heteroaiomatic bonds. Preferably L is a combination of single carbon-carbon bonds and 
carboxamide or diioether bmds. The longest linear segment of the linkage L preferably contains 4-10 
nonhydrogen atoms including one or two heteroatoms. Examples of L include substituted or 
unsubstituted polymethylene, arylene, alkylarylene or arylenealkyl. In one embodiment, L contains 1-6 
5 carbon atoms; in another, L is a thioether linkage. In yet another embodiment, L has the formula 
-(CH2)a(CONH(CH2)b)z"» where a has any value from 0-5, b has any value from 1-5 and z is 0 or 1 . 

The group Rx is bound directly to the fluorophore at any of R^-R^ or r7.r16^ preferably at one 
of r13-R1^» more preferably at R^^ or R^^, or is present as a substituent on an alkyi, alkoxy, alkylthio 

10 or alkylamino substituent. In one embodiment, exactly one of r2, r3, r4 r5^ r7 r9^ rIO^ r1 1^ r12, 
r13, r14 r15 or r16 js a -L-Sc moiety. In another embodiment, exactly one of r13, r14^ r15^ or R^6 
is an -L-Sc moiety. Where exactly one of R^^^ r14^ r15^ or r16 is a -L-S^ moiety, typically either each 
of the remaining of R13, r14 r15^ or R'^ is fluorine, or each of the remaining of r13, r14^ Rl5/or 
R1^ is hydrogen. In one embodiment, exactly one of RI3, Rl4^ r15 and R^^ is a -L-Rx moiety. In 

15 another embodiment, exactly one of r2, r3, r4, r5^ r7^ r8^ r9 or R* ^ is a -L-Rx moiety. In another 
embodiment, where r12 is a carboxylic acid or sulfonic acid, there is an additional *L-Rx moiety on the 
fluorinated dye. 

The selection of covalent linkage to attach the fluorophore to the conjugated substance typically 
20 depends on the functional group on the substance to be conjugated. The types of functional groups 
typically present on the organic or inorganic substances include, but are not limited to, amines, thiols, 
alcohols, phenols, aldehydes, ketones, phosphates, imidazoles, hydraadnes, hydroxylamines, disubstituted 
amines, halides, epoxides, sulfonate esters, purines, pyrimidines, carboxylic acids, or a combination of 
these groups. A single type of reactive site may be available on the substance (typical for 
25 polysaccharides), or a variety of sites may occur (e.g. amines, thiols, alcohols, phenolsX as is typical for 
proteins. A conjugated substance may be conjugated to more dian cme fluorophore, which may be the 
same or different, or to a substance that is additionally modified by a hapten. Although some selectivity 
can be obtained by careful control of the reaction conditions, selectivity of labeling is best obtained by 
selection of an appropriate reactive dye. 

30 

Typically, Rx wtHme^wkb^an amine, a thiol or an alcc^ol.- In on& embodiment, Rx is an 
aciylamide, an activated ester of a carboxylic acid, an acyl azide, an acyl nitrile, an aldehyde, an alkyl 
halide, an amine, an anhydride, an aniline, an aryl halide, an azide, an azmdine, a boronate, a carixnQ^lic 
acid,adia2oalkane,ahaloacetamide,ahaiotrtaztne,ahydiazine,an imido ester, an isocyanate, an 
35 isothiocyanate, a maleimide, a pbosphoramidite, a sulfonyl halide, or a thiol group. Preferably, Rx is a 
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carboxylic acid, a succinimidyl ester, an amine, a haloacetamide, an alkyi halide, a sulfonyl halide, an 
isothiocyanate, a maleimide group or an aadopcrfluorobenzamido group. 

Substitution by a haloalkyi, haloacetamide, halomethylbenzamide allow the retention of 
5 fluorinated fluorophores in cells or organelles according to mediods previously described (US Pats. 
5,362,628 and 5,576,424 (in cells); and US Pat 5,459,268 and UK 9420661.2 (in mitochondria)). Dyes 
fluorinated on the bottom ring yield adducts of glutathione (e.g. Compound 25) and protein tiiat are 
retained in cells. 



Useful dye-wnjugates include conjugates of antigens, steroids, vitamins, drugs, haptens, 
metabolites, toxins, environmental pollutants, amino acids, peptides, proteins, nucleic acids, nucleic acid 
polymers, carbohydrates, lipids, ion^mplcxing moieties, and polymers. Alt»natively, diese arc 
conjugates of cells, cellular systems, cellular fragments, or subcellular particles. Examples include virus 
particles, bacterial particles, viras components, biological cells (such as animal cells, plant cells, 
bacteria, or yeast), or cellular components. Fluorinated reactive dyes label reactive sites at the cell 
surface, in cell membranes, organelles, or cytopla^; or derivatize low molecular weight compounds for 
analysis by capillary zone electrophoresis, HPLC or other separation techniques. Preferably the 
conjugated substance is an amino acid, peptide protein, polysaccharide, ion-complexing moiety, 
nucleotide, oligonucleotide, nucleic acid, hapten, drug, lipid, phospholipid, lipoprotein, 
lipopolysaccharide, liposome, lipophilic polymer, polymer, polymeric microparticle, biological cell or 
virus. 



In one embodiment, the conjugated substance (Sc) is an amino acid (including those tfiat are 
protected or are substituted by phosphates, carbohydrates, or Ci to C22 carboxylic acids), or is a 
polymer of amino acids such as a peptide or protein. Preferred conjugates of peptides contain at least 
five amino acids, more preferably 5 to 36 amino acids. Preferred peptides include, but are not limited to, 
neuropeptides, cytokines, toxins, protease substrates, and protein kinase substrates. Preferred protein 
conjugates include enzymes, antibodies, lectins, glycoprotems, histones, albumins, lipopixteins, avidin, 
streptavidin, protein A, protein G, phycobiliproteins and other fluorescent proteins, hormones, toxins and 
growth fectcws. Typically, the conjugated protein is an antibody, an antibody fragment, avidin, 
strqrtavidin, a toxin, a lectin, or a growdi fectw. Dye-peptide.and protein conjugates include those 
labeled widi a dye of the mventfon in combination witfi a second fluorescent or non-fluorescent dye to 
form an energy-transfer pair. 
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In another embodiment, the conjugated substance (Sc) is a nucleic acid base, nucleoside, 
nucleotide or a nucleic acid polymer, optionally containing an additional linker or spacer for attachmoit 
of a fluorophore or other iigand, such as an alkynyl linkage (US Pat 5,047,519), an aminoallyl linkage 
(US Pat 4,71 1,955) or other linkage. Preferably, the conjugated nucleotide is a nucleoside triphosphate 
5 or a deoxynucleoside triphosphate or a dideoxynucleoside triphosphate. 

Preferred nucleic acid conjugates are labeled, single- or multi-stranded, natural or syndietic DNA 
or RNA oligonucleotides, or DNA/RNA hybrids, or incorporating an unusual linker such as morpholine 
derivatized |dios|rfiates (AntiVtrals, Inc., Corvallis OR), or peptide nucleic acids such as A^(2- 

10 aminoethyl)glycine units, where the nucleic acid contains fewer than 50 nucleotides, more typically 
fewer than 25 nucleotides. Typically, the dye is attached via one or more purine or pyrimidine bases 
through an amide, ester, ether or thioether bond; or is attached to the phosphate or carbohydrate by a 
bond that is an ester^ thioester, amide, ether or thioether. Alternatively, at least one dye of the invention 
is conjugated to an oligonucleotide that is simultaneously labeled with at least a second dye to form a 

15 fluorescence raergy-transfer pair, or to a hapten such as biotin or digoxigenin, or to an enzyme such as 
alkaline phosphatase, or to a protein such as an antibody. Nucleotide conjugates of the invention are 
readily incorporated by DNA polymerase and can be used for in situ hybridization (see below) and 
nucleic acid sequencing (e.g., US Pats. 5.332,666; 5,171,534; and 4,997,928; and WO Appl. 94/05688). 

20 In another embodiment, the conjugated substance (Sc) is a carbohydrate that is typically a 

polysaccharide, such as dextran, FICOL, heparin, glycogen, amylopectin, mannan, inulin, starch, agarose 
and cellulose. Preferred polysaccharide conjugates are dextran or FICOL conjugates. 

In another embodiment, the conjugated substance (Sc), is a lipid (typically havmg 6-25 cartxHis), 
25 including glycolipids, phospholipids, and sphingoltptds. Alternatively, the conjugated substance is a 
lipid vesicle, such as a liposome, or is a lipoprotein (see below). The lipophilic moiety may be used to 
retain the compounds in cells, as described in US Pat 53S,148. 

Conjugates having an ion-complexing moiety serve as an indicator of calcium, sodium, 
30 magnesium, potassium, or other biologically important metal ion. Preferred ion-complexing moieties are 
crown ether, including diaryWiM^crow ethers (US Pat 5,405^975); BAPTA (US Patv^ 5,453,5 1 7, US 
Pat 5,516,911, and US Pat 5,049,673); derivatives APTRA (AM. J. PHYSIOL. 256, C540 (1989)); and 
pyridine- and phenanthroline-based metal ion chelators; preferably a diaryldiaza crown ether or BAPTA 
dictator. The ion indicators are optionally conjugated to plastic or biological polymers such as dextrans 
35 to improve their utility as senscKS. Alternatively, the dye itself acts as an indicator of H"*" at pH values 
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within 1.5 pH units of die individual dye's pKa. Those dye embodiments having fluorine at R2 and R5 
arc most useful as pH indicators over the range of pH 4-6. 

Finally, the conjugates are optionally dye-conjugates of polymers, polymeric particles, 
polymeric microparticles including magnetic and non-magnctic microspheres, polymeric membranes, 
conducting and non-conducting metals and non-metals, and glass and plastic surfaces and particles. 
Conjugates are optionally prepared by copolymerization of a fluorinated dye that contams an appropriate 
functionality while preparing the polymer, or by chemical modification of a polymer that contains 
functional groups with suitable chemical reactivity. Other types of reactions that are useful for preparing 
dye-conjugates of polymers include catalyzed polymerizations or copolymerizations of alkenes and 
reactions of dienes with dienophiles, transestcrifications or transaminations. In another embodiment, the 
conjugated substance is a glass or silica, which may be formed into an optical fiber or other structure. 

The preparation of dye conjugates usuig reactive dyes is well documented, e.g. by R. Haugland, 
MOLECULAR PROBES HANDBOOK OF FLUORESCENT PROBES AND RESEARCH 
CHEMICALS, Sets 1-7 (1992); and Brinkley, BIOCONJUGATE CHEM., 3, 2 (1992). Conjugates 
typically result from mixing appropriate fluorinated reactive dyes and the substance to be conjugated in a 
suitable solvent in which both are soluble. For diosc reactive dyes that are photoactivated, conjugation 
requires illummation of the reaction mixture to activate the reactive dye. The dye-biomolecule 
conjugate is used in solution or lyophilized. 

Labeled members of a specific binding pair are used as fluorescent probes for the 
complementary member of that specific bindmg pair, each specific binding pair member having an area 
on the surface or in a cavity which specifically binds to and is complementary with a particular spatial 
and polar organization of the other. Representative specific binding pairs are shown in Table 3. Such 
I»obes optionally contain a BLOCK that is removed by an en^e or light, or rI 1 is H and the 
craspound fluoresces on oxidation. 



Table 3. Rei»esentative Specific Binding Pairs 



antigen 


antibody 


biotin 


avidin (or streptavidm or anti-biotin) 


IgG* 


protein A or protein G 


drug 


drug receptor j 
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toxin 


toxin receptor | 


carbohydrate 


lectin or carbohydrate receptor 11 


peptide 


peptide receptor | 


protein 


protein receptor 


enzyme substrate 


enzyme 


DNA (RNA) 


aDNA(aRNA)t 


hormone 


hormone receptor 


ion 


chelator 



* IgG is an immunoglobulin 



^ aDNA and aRNA are the antisense (complementaiy) strands used for hybridization 
BLOCKED Dves and Other Substrates 

5 

In embodiments where R^, or R^ is a BLOCK moiety (which may be the same or different) 
that substantially alters die fluorescence of the fluorophore, removal of BLOCK restores the fluorescence 
of the parent dye. Typically BLOCK is a monovalent moiety derived by removal of a hydroxy group 
from phosphate or sulfete, or a biologically compatible salt thereof; or from a carboxy group of an 

10 aliphatic or aromatic carboxyltc acid or of an amino acid, protected amino acid, peptide, or protected 
peptide; or from an alcohol or a mono- or polysaccharide. Typically, the BLOCK-fluorophore bond at 
is an ether or ester bond, and at R^ or R^ is an amide bond. Alternatively, BLOCK is a photolabile 
caging group on a dye or on a dye conjugate. At r7, the cage is ^ically a substituted or unsubstituted 
derivative of o-nitroarybnethine (including a-carboxy o-nitroaryknethine and bi&<S-t- 

1 5 butoxycarbonylmethoxy)-2-nitrobenzyl (Compound 101)), of 2-medioxy-5-nitropheny I, or of dcsyl. 

Wtere cleavage of -BLOCK yields a detectable response indicative of the presence of enzyme 
activity, the compound is an enzyme substrate. Enzymes that are known to cleave Aese conjugated 
moieties include microsomal deallcylases (for example, cytochrome P4S0 enzymes), glycosidases (for 

20 example p-galactosidase, p-glucosidase, a-fiicosidase, ^-giucosaminidaseX phosphatases, sulfatases, 
esterases, lipases, guanidinobenzoatases and odiers. Conjugates of rfaodol dyes that are amino acid or 
peptide amides are typically usefiit as peptidase substrates. Fluorinated fluorescein diacetate compounds 
readily enter intact cells where the acetate moieties are cleaved by intracellular esterases in viable cells, 
restcMing mtrinsic fluorescence and indicating viability. Similarly, fluorinated dyes that are substituted 

25 by acetoxymethyl esters (such as flwHinated analogs of calcein-AM, e.g. Compound 99) readily enter 
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intact cells and can serve as cell tracers or viability indicators, particularly where I is H. 



Any of the substituents described above for retaining the dyes in celb can be used to retain the 
substrates in cells. Preferred enzyme substrates are fluorinated on the bottom ring. Particularly 
preferred substrates have two identical BLOCK moieties that are acetate or glycoside, such as P-D- 
galactopyranoside, that are at least tetrafluorinated on the bottom ring. 

Dye compounds having a pKa <6 in an aqueous solution, more preferably less than about 5, are 
preferred substrates in an acidic environment (e.g. an acidic P-galactosidase such as P-D- 
galactopyranoside, or in acidic organelles, such as substrates for lysosomal glycosidases (see Table 14). 
Substrates where -BLOCK is cleavable by a phosphatase enzyme are useful to detect both acid and 
alkaline phosphatase. Preferred substrates for detection of enzymes with maxhnal turnover rates below 
pH 7 are fluorinated at the 2' and T positions. 



In another substrate embodiment, dyes where r1 1 is H are substrates for oxidative enzymes and 
otfier oxidizmg agents, e.g. peroxidase ereqrmes. Unlike their non-fluwinated anategs, fluorinated 
dihydrofluOTcscein and dihydrorhodol are stable in aqueous solutions without die use of blocking groups 
that typically reduce solubility. For example, Compound 84 (4,5,6,7.tetrafluorodihydrDfluorescein) is 
soluble in water to at least 2 mM. 



Methods of Us^ 



TlHS new dyes are generally utilized to stain a sample to give a detectable optical response under 
desired conditions by combining the sample of interest with a solution of dye (prepared according to 
methods generally known in the art) for a period of time sufficient for the dye compound to yield a 
detectable optical response under die desired conditions. The required concentration for the dye solution 
(typically nanomolar to micromolar) is determined by systematic variation in dye or dye-conjugate 
concentratx>n until satisfectory dye staining is accomplished. 

The dye compounds are most advantageously used to stain samples witii biological components. 
The sample may comprise heterogeneous mixtures of components (including intact cells, cell extracts; 
bacteria, viruses, organelles, and mbctures thereofX or a smgle component or homogeneous group of 
components (e.g. natural or syndietic amino acid, nucleic acid or carbohydrate polymers, or Upid 
membrane complexes). These dyes are generaUy non-toxic to living cells and other biological 
components, widiin die concentrations of use, although diose fluorinated dyes tiiat are additionally 
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The sample is optionally combined with other solutions in the course of staining, including 
wash solutions^ permeabilization and/or fixation solutions, and other solutions containing additional 
S detection reagents, according to known methods. With selected embodiments that are well retained in 
ceils, the cells retain considerable fluorescent staining after fixation. Where the additional detection 
reagent has spectral properties that differ from those of the subject dye compounds, multi-color 
applications are possible. 

10 After or during staining, the sample is illuminated to give a detectable optical response, and 

observed with a means for detecting the optical response, using a fluorometer, microscope, microplate 
reader, flow cytometer, laser scanner, hand lamp or other equipment Typically the optical response is a 
change in fluorescence, such as a change in the intensity or excitation or emission wavelengdi 
distribution of fluorescence, fluorescence lifetime, fluorescence polarization, or a combination thereof. 

15 

Staining is used to determine the presence, quantity, or the spatial or temporal distribution of 
components or a mechanic in a sample, according to known methods. The dyes of the invention are 
well-suited to the prq}aration of a kit comprising a reactive fluorinated dye and instructions fDr 
conjugating the dye to any substance possessing an appropriate functional group, and optionally for 
20 recovering or purifying the materials labeled thereby, including, but not limited to, biological polymers 
(e.g. proteins, oligonucleotides or carbohydratesX polymeric resins and plastics (e.g. polystyrene), 
metals, glasses, and other organic or inorganic substances. Fluorinated xanthene dyes are also useful 
haptens because fluorination does not interfere widi the recogniticm of the fluorophore by the anti- 
fluorescein antibody, typically resulting in fluorescence quenching of the dye (see Table 15). 

25 

PV^^yn^es^^ 

The first step in preparing a fluorinated fluorescein or rhodol dye is the prq>aration of an 
appropriately substituted resorcinoi or aminophenol, respectively. While methods for prq>aring 

30 fluorinated lesorcinols are known (Patrick et aL J. ORG. CHEM. 51, 3242 (1986); Lerman et al. J. ORG. 
CHEM. 49, Bffft (1?81)), fliinrititttH nnfliTirwYlB wd flm***^!^^'^''' "'""^ r/Mivimtftntiy ^thesized 
from a (commercially available) polyfluoronitrobenzrae or alkoxy-substituted derivative. The fluorine 
atoms ortho and para to the nitro are displaced with two equivalents of alkoxide or benzyloxide. The 
nttro group is then reduced, followed by diazotization and reductive dediazonization (see Table 4). 

35 Ahemativeiy, the diazoniiun cations are isolated as pure salts, followed by reduction with sodium 
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borohydride. Dcallqriation with BBrj or another ether-cleaving reagent, or in the case of benzyl ethers 
catalytic hydn^enolysis. affords pure fluorinated resorcinoJs. Other substitucnts are optionally present 
during the syndiesis provided they survive die synthetic method. For example, alkyl, carbo^^ralkyl, 
chloro, bromo, iodo, alkoxy and hydroxy moieties. 



Fluorinated aminophenols are prepared similarly: Alkyl-substituted amine nucleophiles are first 
substituted onto a polyfluOTonitrobenzene, in sequence with alkoxide or benzyloxide. Reduction 
followed by diazotization and hydrodediazoniation results in a fluorinated aminophenol, which is then 
used to prepare a fluorinated riiodol. Alternatively, commercially available fluorinated nitrophenyl 
ketones and aldehydes are converted to die corresponding phoioiic esters using Baeyer-VilligB- 
oxidation chemistry. Reductive ammation or direct allgrlation yields the desired N-substiiuted 
aminophenol. Deacylation of the phenolic hydroxyl gives the desired fluorinated aminophenol (see 
Tables). 



Xanthylium dyes having fluorine substitucnts on die xanthene portion of die dye are typically 
prepared by condensation of a fluorinated resorcinol widi a phthalic acid, phdialic anhydride, 
sulfobenzoic acid or sulfobenzoic anhydride (such as phthalic anhydride, trimellitic anhydride, 
nilrophdialic anhydride, o-sulfobenzdic anhydride, sulfoterephthalic acid), or with benzaldehydes (when 
followed by oxidation) or with aliphatic dicarboxylic acids or anhydrides such as a succniic or glutaric 
anhydride. The condensation is optionally catalyzed (such as by ZnCl2 or medianesulfonic acid), and 
yields die desired fluorinated xandiylium dye after aqueous workup. 

Fluorinated xandiylium dyes are also prepared by condensing two equivalents of a resorcinol 
witii a fluorinated benzenecarbonyl compound, such as tetrafluOTophtfaalic anhydride, tetrafluoiDpfadialic 
acid or fluorophdialic ackl derivatives, pentafluorobenzoic acid, and fluorinated benzaldehydes such as 
pentafluorobenzaldehyde, although an oxidation step is required after using fluorinated benzaldehydes to 
give die fluorescent xandiylium dye. The resulting dyes are fluorinated on die aryl ring bound to die 
xantiiene ring system. Where the aiyl ring b fluorinated at the 4- and 6-positi(Mis, nucleophiles such as 
reduced glntadikme, merca|rtoacetic acid, mercaptoediylamine and azide can displace fluoride ion at die 
4- or 6-positions, providing a synthetic route for subsequent conjugation chemistry (see Table 8). For 
example, a mercaptoacetic acid adduct is converted into a succinimidyl ester, or a macaptoetiiyl amino 
is converted mto isodiiocyanate. maleimide or haloacetamide. Alternatively die azide group is reduced 
to an amine, which is dien acylated widi iodoacetic anhydride to provide an iodoacetamide. 
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Fluorinated xanthylium dyes are also obtained beginning with polyfluorinated benzonitriles. 
Addition of an alkoxtde or a benzyloxide to the benzonitrile displaces the fluorine atoms ortho- and 
para- to the nitrile group. Addition of an aryioi^anometallic reagent* such as 
pentafluorophenylmagnesium chloride, converts the nitrile group to an imine, which is subsequently 
5 hydrolyzed, affording a substituted benzophenone with alkoxy groups at the 2- and 4-posttions. The 
alkoxy groups are dealkylated, for example with hydrobromic acid and acetic acid. Treatment with 
NaOH in methanol then gives a xanthenone* in which the 2-hydroxy group has displaced the 2'-fluonne 
atom; concomitantly, an alkoxy group displaces the 4'-fluorine atom. The 3-hydroxy group in the 
resulting xanthone is typically protected by a base-stable protecting group, such as a 2- 
1 0 medioxyethybnethyl ether (MEM ether), and thra an arylorganometallic reagent such as 

p»itafluorophenyl magnesium chloride or an aikyi lithium reagent is added to the xanthone carbonyl 
group. Subsequent treatment with hydrolmmic and acetic acid dehydrates the resulting tertiary carbinol 
to the desired xanthylium dye, with concomitant conversion of the 6-methoxy group to a hydroxyl group. 

1 S For asymmetric xanthylium dyes such as rhodols and unsymmetrical xanthylium dyes such as 

rhodols and unsymmetrical fluoresceins, condensation can be performed using one equivalent each of the 
appropriate substituted or unsubstituted resorcinol with one equivalent of a different resorcinol (as in 
Khanna et al, U.S. Patent No. 4,439^59 (1984)), ammophenol and with one equivalent of the 
appropriate phthalic acid doivative or benzaldehyde. The synthesis may be performed in a concerted 

20 fashion or stepwise, as described in U.S. Patent No. 5,227,487 to Haugland et al. (1993) (see Table 7). 

Modiflcations of fluorinated xanthylium dyes are performed according to known methods for 
modifying fluorescems. For example, the fluorinated fluorescein can be halogenated with an appropriate 
halogenating agent, such as liquid bromine (e.g. Compound 31). Where the 4' and/or 5' positions of a 

25 fluorinated fluorescein are occupied by hydrogen atoms, those positions can be substituted widi 

aminomethyl groups using Mannich conditicms (as in Kirkemo et al., U.S. Patent No. 4,5 10,25 1, supra), 
in particular where the substituted amine is imiiK>diacetic acid or an amino acid. Where a bottom-ring 
carboxylate is presoit, it can be converted into a chloromc^yl or bromomediyl substituent by reduction 
followed by treatment with HCl or HBr. Where two isomeric carboxylates are present, they are 

30 optionally separated (Goieral Method J) or used as a mixture of isomers. Reduced xanthylium dyes of 
Formula 2 are prepared by rcductim of the xanthenone with zinc dust or borohydride in organic solvents 
(see Table 1 1 ). These dihydrofluorinated dyes serve as substrates for enzymes that take up electrons, or 
in the detection of oxidizing agents, reactive oxygen species or nitric oxides. Preparation of other 
enzyme substrates includes acylation of phenolic hydroxyls wi^ phosphate to give phosphatase 

35 substrates, with carboxylic acids to give esterase substrates, aikylation to give dealkylase substrates, and 
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with carbohydrates to yield glycosidase substrates. In addition, rhodols having at least one hydrogen 
atom at the rhodol nitrogen are optionally acylated by methods well known in the art to yield amido 
derivatives or treated with sulfonyl halides to yield sulfonamides. 

The dihydroxanthene and xandiylium versions of the dyes of the invention are fieely 
interconvertible by well-known oxidation or reduction reagents, including borohydrides, aluminum 
hydrides, hydrogen/catalyst, and dithionites. A variety of oxidizing agents mediate the oxidation of 
dihydroxanthenes, including molecular oxygen in the presence or absence of a catalyst, nitric oxide, 
peroxynitrite, dichromate, triphenylcarbenium and chloraniL The xanthenes are also oxidized by enzyme 
action, including horswadish peroxidase in combination with peroxides or by nitric oxide. 

The examples betew are givwi so as to illustrate the practice of this invention. They are not 
intended to limit or define the entire scope of this invention. 



r 
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Eiamples 

Preparatioii omoorinated Resordnob: 

5 General Method A 

Sodium tnedioxide (1 .0 M) is prepared by adding sodium metal portion wise to anhydrous 
methanol (Aldrich) under nitrogen at 0 ^C. To a neat fluorinated nitrobenzene (1 .0 equiv.) under 
nitrogen at rocmi temperature is added sodium methoxide solution (2.2 equiv.) over 5-10 minutes. The 
10 reaction mixture is stirred at room te m per a ture. Once TLC analysis shows the reaction is complete (1-24 
hours), several drops of 1 M citric acid are added. Water is added, followed by extraction with ether. 
The organic layer is washed with brine, dried over Na2S04, evaporated and recrystallized from 
hexanes/CH2Cl2 to give the desired dimethoxyfluoronitrobenzrae. 

IS General Method B 

Hie nitro group of the fluoronitrobenzene is reduced by catalytic hydrogenation at 40 psi in 
ethanol/ethyl acetate over 10% Pd/C. When TLC analysis shows the reaction is complete, tiie catalyst is 
ranoved by filtration and the filtrate is evaporated to give the pure amine-substituted flucMinated 
20 benzoie. 

General Method C 

The nitro group of the fluoronitrobenzene is reduced by homogeneous reduction in refluxing 
25 ediyl acetate/ethanol (2: 1, 0.10 M) using stannous chloride dihydrate (5 equiv.). Reaction progress is 
monitored by TLC. The reaction is cooled, poured into water, and neutralized to pH 7 with 1 M NaOH. 
The mixture is extracted with ethyl acetate, washed with brine, dried over Na2S04, and evaporated. The 
residue is purified by flash chnnnatognq^y. 

30 General Method D 

The desired aminofluorobenzene in water/HCl (2: 1 , 03 M) is chilled in ice and treated with a 
cold solution of NaN02 (LOS equiv.) in water. The diazonium salt solution is stirred 15 minutes, then 
hypophosphorous acid (S0% aqueous solution, 20 equiv.) is added over 5 minutes. The mixture is stirred 
35 at room temper a ture for two hours, then diluted with water. The mixture is neutralized with aqueous 
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Na2C03 or NaOH, and extracted twice with ether. The organic extract is washed with water, then brine, 
and dried over Na2S04. The solution is evaporated and the residue is purified by flash chromatograplqr. 

General Method E 



A solution of the fluorinated dimethoxybenzene in anhydrous CH2CI2 (0.3 M) at room 
temperature under nitrogen is treated widi BBtj (3.0 cquiv., 1 .0 M in CH2a2) via syringe over five 
minutes. TLC shows diat the reaction takes 24-48 hours to readi completion; an additional 0.5 equiv. « 
BBr3 solution is sometimes necessary to reach completion. The solution is carefiilly quenched with 
water, and stirred to dissolve any precipitate. The solution is extracted with ether, the extracts are 
washed witfi brine, dried over Na2S04 and evaporated and purified by sublimation to yield die desired 
fluorinated resorcinol. 



Table 4 





Method 


Product 
(CpdNo.) 


Yield 


m.p. 
CC) 


Analysis 




A 


A 


99% 


32-32.5 


%C: 43.84 
%H: 3.15 
%N:6.15 


F 




0CH3 
(1) 








^: 


A 




99% 


59-61 


%C: 47.64 
%H:4.05 
%N: 6.08 


F 




(2) 










A 




88% 


146-149 


%C: 47.81 
%H: 3.96 
%N: 6.84 


F 




0CH3 

(3) 
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F 


A 


F^ ^OCK. 

0CH3 

(4) 


98% 


oil 


%C: 40.45 
%H: 2.68 
%N: 5.69 


1 


B 


.JVC 

(5) 


100% 


brown oil 


%C: 50.61 
%H:4.81 
%N:7.26 


2 


C 


(6) 


92% 


oil 


%C: 56.14 
/on. D.vP 
%N: 8.03 


3 


B 


JL ^OCHL 
(7) 


100% 


47-49 


%C: 56.76 
%H: 6.04 
%N: 8.20 


4 


C 


(8) 


52% 


146-148 


%C: 39.79 
%H: 3.70 
%N: 5.62 


5 


D 


F 


73% 


oil 


%C: 54.76 
%H:4.63 


6 


D 


F 

(10) 


96% 


oil 


%C: 61.36 
%H: 5.86 
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7 


D 


(11) 


81% 


oil 


%C: 61.62 
%H: 5.94 


8 


D 


F 

F 

(12) 


80% 


oil 


%C: 49.63 
%H: 3.69 


9 


E 


F 
(13) 


90% 


100-101 


%C: 48.96 
%H: 3.21 


10 


E 


F 

HO,.i^OH 

XX 

(14) 


95% 


114.116 


%C: 55.05 
%H: 3.96 


11 


E 


(15) 


100% 


94-96 


%C: 56.23 
%H: 3.93 


V 

F 




F 
(16) 




134-136 


%C: 56 J3 
%H: 3.98 


12 


E 


F 

F 
(17) 


100% 


69-71 


%C: 39.58 
%H: 2.65 



Preparation of FInorinated Aminophenols 



General Method F 

5 

An ethanol solution of a seccmdaiy amine (3 cquiv.) and a fluorinatcd nitrobenzene is either 
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heated in a sealed tube or heated at reflux ( 1 -24 hrs). The solution is evaporated and the resulting solid is 
recrystallizcd car chromatographed to give the pure fluoronitroaniline. The fluorinated aminophenol is 
then prepared as in General Method A for fluorinated resorcinois. 

5 Tables 



Starting Material 


Method 


Product (Cpd. No.) 


F 


F 


(18) 


18 


F 


(19) 


19 


C 


.J? 

(20) 


20 


D 


(21) 


21 


E 


(22) 



General Method G ' 

10 Fluorinated aminq)henols are generated from commercially available fluorinated phenyl ketones 

and alddiydes by nitrating the phenyl ketone or alddiyde and converting it into the corresponding 

26 
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nim,phe„ol using Baeyer-VilUger oxidation chemistry. Reduction followed by reductive amination 
yields the N-substituted aminophenol. Amines may also be treated with other alkylating agents known i„ 



5 Preparation of 4-fluofTfv't, nitrDPhennl ( M)- 

To 15 mL of cone. H2SO4 at 0 «>C is added 6.9 g (0.05 mmol) of 4-fluoroacetophenone To the 
solution is addedamixtureof4mLHN03and6nd. cone. H2S04.Tl.e reaction is sti^ 
3hrs. TT.ereactionispouredhrtoicewater.a«iex.„«:tedwithCHCl3. The organic layer is washed 
10 with water, dried over Na2S04. filtered and evaporated. TTte residue is purified by column 
chromatography, yielding 6.0 g of 4.flttoro.3.nhroacetophenone (60% yield). 

Conc.H2SO4(200mL)andaceticacid (120 mL) are mixed at 0«C. To the solution is added 15 
g (0.082 mol) of 4-fluorcv3-nitroacetophenone followed by 36 mL of 36% pen««ic acid. TT^e reaction is 
.5 st„redat,oomtempenuurefor4hours. Water (500 mL) is added, and the product is extracted into 

diethylether. The ether fbction is washed with water, dried over Na2S04, filtered and evapon.ted n« 
residue .s purified by column chromatography, giving 3.2 g of Compound 23 (20% yield), mp- 86-87 
•C. Anal. Found: C, 45.80; H. 2.51; N;8.69. 

Preparation nf 3-aiiiiniwl.f |uorophenn| f l ^) - 

Amix,ureof4-fluor^3-nitrophe„ol(2.70g, 17.2 mmol)and Pd/C (10«/., OJl g) in 60 mL ethyl 
ace.ateishydrogemUedunder50psiofH2. Afterl hour, the catalyst is removed by filtration TT,e 

filtn«e.s evaporated and theresidue sublimed toyield2.18g(l00-/,)ofCompound 24 asawhite^^^^ 
25 mp: 142-144 "C. Anal. Found: C, 5728; H. 4.86; N, 10.65. 

PreparatioB of Flnoriiiated Finomcciiu 

General Method H 



30 



A fluorim-ed reson:inol (2 equiv.). a phthalic acid or anhydride (1 equiv.) and anhydrous ZnCh 
(2.5equiv.)arefusedatca. 170-1 80 «>C for 30 minutes with stirring. TTe cooled mixtun. is suspended in 
waterands«:tionfihered. T^e solid, comaming the fluorim«ed fluorescein, is fimher purified by 
d»solving it in metha«,lAvater, followed by fihmion duough diatomaceous earth and evaporation 



27 
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General M^odH' 

Alternatively, the crude fluorinated fluorescein of Method H is converted to a diacetate in acetic 
5 anhydride and pyridine, heating briefly, and the mixture is subjected to aqueous workup and 
chromatographic purification or recrystallization of the organic-soluble product(s). 

General Method I 

10 Alternatively, a desired fluorinated resOTcinoi (2 equiv.) and a phthalic anhydride ( 1 equiv.) are 

heated at 80-85 °C for 48 hrs. in methanesulfbnic acid, as a 10 % wA^ solution. The cooled solution is 
poured into 7 volumes of an ice/water mixture. The precipitate is collected, washed with cold water, 
dried in vacuo at 60 and piuified as described in Method H. 

15 General Method r 

Bromine (6 equiv.) is added dropwise to a solution of a fluoriiuited dye (1 equiv.) in MeOH. The 
mixture is stirred for 3 hours then evaporated. The residue is stirred with acetic anhydride and pyridine 
for 1 hour, diluted with ethyl acetate, washed with I M citric acid, then brine, and evaporated. The 
20 residue is purified by column chromatography to yield the brominated dye. 

General Method J 

Isolation of carboxyfluorescein isomers: The fluorinated carboxyfluorescein (1 equiv.), pyridine 
25 (4 equiv.), and acetic anhydride (100 equiv.) are heated for 5 minutes at 80 The reaction is cooled to 
-4 X for 24 hours. The crystalline precipitate (the pyridinium salt of the 6-isomer diacetate) is collected, 
wa^ed with acetic anhydride, ether, and dried to yield an off-white powder. The fihrate is stirred wttfi 
an equal volume of water for 30 min and extracted with ethyl acetate. The combined extract is washed 
with brine, dried, evaporated, and recrystallized from CH2CI2 to yield the 5-isomer diacetate as the free 
30 acid. The fihrate is concentrated, redtssolved in toluene, 1 .5 equiv. of pyridine is added, and the solution 
is albwed to standat 2(^**e for IS-hours. The resulting precipitate is collected, washed with toluene, 
ether, and dried to yieU additional 6-isomer diacetate as the pyridinium salt The filtrate is diluted with 
ethyl acetate, washed twice with 1 M citric acid, brine, dried, concentrated and rectystallized from 
CH2CI2 to yield a second crop of the 5-isomer diacetate as the free acid. 
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General Method K 

Hydrolysis of a fluorinated fluorescein diacetate: A 0.1 M solution of the diacetate in 
THF/MeOHAvater (4:4:2) is treated with NH4OH (10 equiv.) at 20 "C. After 2 hours the reaction is 
poured into 7 volume of ice water and acidified with HCI to pH 2. The precipitate is collected, washed 
with cold water, and dried at 60 »C to yield the product. 



Table 6 



Reactants 


Method 


Product 
(Cpd.No.) 


Yield, 
Characterization 


XT ^ 

^^^^^^^^^^ 

F 


H 


F ^ 
(25) 


81% 

%C: 59.00 
%H: 2.69 


0 

F 


I 


,aJy^-^f 

F 

(26) 


83% 


26 + AC20 




F ^ 
(27) 


90% 
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0. 
F 


H + H' 


F ^ 
(28) 


85% 




H 


(29) 


8S% 


o. 


H + H' 


(30) 


78% 
(mixed 

isomers^ 


34 + Br2 


r 


Br Br 

Br ^ >Co^ Br 

F 

(31) 


85% 


T 

OOOH 


H + J 


(32) 


44% 

%C 62.01 
•/^3.25 
%N2.37 
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30+NH4OH 


K 


(38) 


92% 


3I+NH40H 


K 


Br Br 
F 

(39) 


92% 

HRMS(H+abs) 
Calc. 720.6764 
Found. 720.6769 


OOOH 


H 


F F 

HOOC 

(40) 


24% 

%C: 54.58 
%H: 2.31 


0. 

.4. kJ 

OOOH 


H 


F F 

HOOC 
(41) 


82% 
(crude) 

%C: 57.70 
%H: 2.88 
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F 




F 






u 
ri 


HO 


















o 




Absmax"' 535 nm 






F 






F 


^max" 553 ran 


13+ pA^p 






F^ 




^COOH 


(MeOH) 


F 






F^ 


V 

F 

(42) 


^F 





Preparation of r,8'-Sabstituted Flnoriiiated Flaoresceins: 

1 \8 '-Substituted fluorinated fluoresceins are prepared from polyfluorinated benzonitriles as 
described in the specification. The reaction scheme below exemplifies the preparation of I,2,4,5,7,S- 
hexafluoro-6-hydroxy-9-pentaf1uorophenylxanthen-3-one. Selection of apprq^nately substituted 
benzonitrile and aiylorganometallic groups will result in the desired fluorinated dye. 



CN CN 




OCH3 
(43) 
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Preparation ofFlnoriiiated Rhodob: 

General Method L 

Equimolar mixtures of the two appropriate electron rich aromatic components (i.e. a resorcinol. 
and a 3-aminophenoI) arc condensed with one equivalent of a phthalic acid, phthalic anhydride or 
sulfoterephthalic acid, either as a melt at 150-200 X in the presence of one equivalent of anhydrous ziw 
chloride, with subsequent work-up consisting of mixing with water, followed by filtration, or as a 
solution in wann (80 '^C) mediancsulfonic acid, with subsequent work-up consisting of pouring the 
reaction solution into an excess of water, followed by filtration. In both methods the desired 
unsymmetrical fluorescein and rhodol dye products are separated fiom die undesired symmetrical dye 
products by either flash chromatography or preparative thin-layer chromatography. 



35 
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Table? 



Reactants (Using Method L) 


Product (Cpd. No.) 


Characterization 


XX 


(51) 


Exjoax' 519 nm 
Einj|i3x: 553 nm 
(CH3OH) 

pKa = 4.2 


XT 
* XX 

0. 


(52) 


Ex,nax' 494 nm 
Emtnax^ 519 nm 
(CH3OH) 

pKa52 


XT 
^ XX, 

Vo 


(S3) 


Exuim^: 520 nm 
Enimax* 546 nm 
(pH9) 

pKa5.3 
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^max- 518 nm 
(CH3OH) 

pKa3.8 




(54) 


















HOOC 




OOOH 







Preparation of Haorinated Xantheiies 

Preparatjon of 2 J-diflu(m>-6-hvdroxv-9-trifl.. oromethvl«antl^e^3-one f^y 



4.Fluoioresorcinol (Compound 15. 0.10 g, 0.78 mmol) is condensed with trifluoroacetic acid (45 
mg, 0.39 mmol) at 80 in mctiianesulfonic acid. TTie desired product is precipitated from the reaction 
solution by the «ldition of an excess of water. ITie product is filtered and dried to give Compound 56 as 
a reddish powder. 



Ptepaiffion of-2;7.<tHfawtv6-hvrtroxv.T.f r.n«nhtt i vrvx<b.then.^^ f^. 

Two equivalents of 4.nuororesorcinol (Compound 15) are condensed with one equivalent of 
naphthalene-l-cartoxaldehydem warm methanesulfonic acid. When the reaction is judged complete by 
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nx: analysis, the intennediate product is precipitated ftom the reaction solution with water n,e crude 
solid .s filtered and dried. The intennediate is dissolved in chloroform and treated wid, excess 
chloTBrnine-T. When oxidation is complete, as judged by TLQ the volatiles are removed and the crude 
product IS purified by chromatography to give Compound 57. 

Preparation of Derivatized Fluorinated Fluorapbores: 

General method M for the preparation of thioether derivatives: 

A solution of the desir«l -bottom-ring" fluorinated fluo.««:ein (1 equiv.) and mercaptoacetic 

add(1.2equiv.)inDNff.as 5% w/v solution, is heated at 80 «C for 40 minutes. lT.er«^^ 

.nto ice water.ext«cted with ethyl acetate, washed with bri™,. dried, eva^^ 

gel column chromatography eluting with CHCl3:methanol:acetic acid (85:15:0.3) then 

TW:trifluoroaceticacid(100:0.5). Fractions contdning pure product arc comb^^ 

n.c residue .s dissohred in a minimum of THF. and filtered into petroleum edier (bp. 30-60 »C) TTie 

precipitate is collected, washed with petroleum ether, and dried. 

General method N for the preparation of succinimidyl ester derivatives: 

To a pyridine solution of the appropriate fluorinated fluorescein is added 1.3 equiv of 
succinimidyl trifluoroacetate (S1TA. p,^ fh,m AT-hydroxysuccinhnide and trifluoroacetic 
^hydride). AdditiomilSTPA(2xleq„iv.)isaddedtoforce*ereactiontocompletio„. 
at 20 -C. the reaction mixture is diluted widi ether, washed with 1 M citric acid, with brine, dried and 
evaporated. The residue is purified using col»nn chromatography eluting wid, CHCl3:med«mol-acetic 
acid (95:5:0.1 to 80:20:0.1 stepping gradient) to yield the desired product. 

Ahematively. a carboxylic acid-substituted fluorinated fluorescein is coupled to 
N-hydroxysuccinimide using a cari»diimide coupling agent, such as l-ethyl-3-(3-dimed,yLuni«,propyl)- 
carbodiimide hydrochloride (EDAC) or Ar.AT-dicyclohexylcarbodiimide (DCC). by medKids well-known 
in the art. 
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Tables 



Reactants 


Method 


Product 
(Cpd.No.) 


Yield 


34 


M 


HOOO^-S 

F 

(58) 


80% 


26 


M 


T 

HOOO^-S 

F 

(») 


77% 


31 


M 


Br Br 

Br ^^'^^^'^^''^^V^^^^*^'**'''''^^ Br 

HOOCHg-S F3 
(60) 


81% 


35 


N 


0 

(61) 


70% 
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36 


N 


0 

(62) 


72% 


58 


N 


A ° AA 

0 

(63) 


65% 


59 


N 


^ O II 
0 

(64) 


67% 


40 + 

0 

A 

N— OH 

o 


EDAC coupling 


F F 

Js. ^OOOH 

r N— o— c 

0 

(65) 


22% 
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60 + 

O 


DCC 
coupling 


Br Br 


67% 


Qn-oh 
o 




A W 

o 

(66) 




66 + 


hydrolysis 


Br Br 

Br'^ Br 


36% 


o 










Js^^COOH 

o fl 
1 N-CHXHj-S F3 
0 

(67) 





Other derivatives of fluorinated fluorescein are prepared by methods known in the art, as shown 
in Table 9 

5 Table 9 



Starting Material 


Reagent 


Product 
(Cpd. No.) 


(33) 


1) ethyl chloroformate 

2) NaBH4 

3) H+,Ac20 

4) HCI/AcOH 


F F 
(71) 
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1) H2N(CH2)5CCX)H 

2) EDAC»HC1 

3) N-hydroxysuccinimide 




1 

0 

1 




f 

NH 

o=c 

1 

1 

0 

1 

(72) 


64 


aminophalloidin 
p-toluenesulfonate 


F^vL^COOH 

NH F 

1 

PHALLOIDIN 

(73) 




bis-indolyl 
maieimtde^ 




? 
O 
1 




? 

NH 

H 
(74) 
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38 


SnCl2 


(75) 


75 


S 
ii 

a 


S=C=N 

(76) 


75 


O 0 

II II 

ICHjC— O— CCHgl 


l-O^-C— NH 

(77) 


34 


NaN3 


F 

(78) 






o 

(79) 
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76 


H,N— NHj 


HglsWN— C— HN 

(80) 


15 


1) formaldehyde 

2) chloramine-T 

3) NaCN 


CN 
(81) 


K 
13 




(82) 



Preparation ofFliiorinated Sulfonefluomceins and Their Analogs: 

5 In a modification of General Method H, the condensation of an appropriately fluorinated 

resorcinol with sulfoterephdialic acid gives the desired fluorinated sulfonefluorescein. 



Table 10 



Starting Material 


Reactant 


Product 
(Cpd.No.) 


13 


/S03H 

HCXX:—^ \— COOH 


F F 

F ^"T ^F 

COOH 
(83) 



10 
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Prcparatioii of Flnorinated Dlhydroflaoresceiiis: 

Fluorinated fluoresceins are readily converted to their reduced dihydrofluorescein analogs. The 
appropriate fluorinated fluorescein is dissolved in acetic acid or acetic acid/methanol and treated wiA 
5 zinc dust under air at room temperature. Aflo- stirring U3 days» the mixture is Altered and the crude 
product is purifled via chromatography on SEPHADEX LH-20. 



Table II 



Starting 
Material 


Reagent 


Product 
(Cpd.No.) 


Yield 


34 


Zn dust 


F 
(84) 




35 


Zn dust 


(85) 


100% 


59 


Zn dust 


F 

(87) 
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26 


Zndust 


F 

(88) 


40% 


37 


Zn dust 


F 
(89) 


81% 



Preparation of Ruorinated ^-GaKactosidase Snbstrates: 
5 General Method O 

A mixture of the desired fluorinated fluorescein (1 equivalent), tetra-Oacetylbromogaiactose 
( 1 .5 equivalents), and silver (I) oxide ( 1 .5 equivalents) in anhydrous THF (0.02 M in dye) is stirred at 
room temperature under nitrogen. The reaction takes 72-96 hours to ccHnplete; more silver oxide is 
1 0 added as necessary. The mixture is filtered, and evaporated concentrated. The residue is purified via 
flash chromatography to give pure mono-alkylated product. Using this method, 2',7'*difluorofluorescein, 
tetra-O-acetylgalactoside (90) is prepared from Compound 29 in 92% yield, and 4,5,6,7- 
tetrafluorofluorescein, tetra-O-ac^lgalactoside (91) is prepared from Compound 34 in 55% yield. 

15 General Method P 

A mixture of the desired fluorinated fluoremin mono(tetra-Oacetyl)galactoside (1 equivalent), 
tetraacetobromogalactose ( 1 .5 equivalents) and cadmium carbonate ( 1 .5 equivalents) in dry toluene is 
heated at reflux for four days. The cooled reaction mixture is Altered and the flltrate concentrated. The 
20 residue is chromatographically purifled to give the nonfluorescent protected galactosidase substrates. 
Using this method, 2\7'-difluorofluorescein, bis-tetra-O-acetylgalactoside (92) is prepared from 
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Compound 90 in 62% yield, and 4,S,6,7*tetrafluoro£luoFescein, bis-tetra-O-acetylgalactoside (93) is 
prepared from Compound 91 in 16% yield 

The acetyl protecting groups are removed by reaction of the protected galactosidase with less 
5 than one equiv. of sodium methoxide or lithium hydroxide. The reaction is quenched witii aqueous citric 
acid, and the product is purified by preparative TLC or chromatography on SEPHADEX LH-20. In this 
manner 2',7'-difluorofluorescein, bis-O-galactoside (94) is prepared from Compound 92, and 4,5,6,7- 
tetrafluorofluorescein, bis-O-galactosidc (95) is prepared from Compound 93 in 25% yield. 

1 0 Prepuratioii of Alkaline Phcksphatase Substrates: 

General Method Q 

The general scheme for preparation of fluorinated fluorescein or rhodol phosphatase substrates 
1 5 typically requires initial phosphorylation of the fluorophore with phosphorus oxychloride. Typically, the 
fluorescein dye is dissolved in pyridine under nitrogen at 0 **C. To the fluorescein solution is added a 
pyridine solution of POCI3- After the reaction is judged complete by TLC, the reaction Is quenched with 
crushed ice and neutralized to pH 7.0 with NH4OH. The pyridine is extracted with chloroform, and the 
aqueous phase is lyophilized. The crude material is purified on SEPHADEX LH20, eluting with water. 
20 Pure product fractions are pooled, frozen and lyophilized to give pure fluorinated fluorescein 
diphosphates as their tetraammonium salts, as pale yellow solids. 

Using Method Q, 2',7'-difluorofluorescein (29) is converted into 2',7'-difluorofluorescein 
diphosphate, t^raammonium salt (96), and 2',4,5,6,7,7'-hexafluoTofluorescein (26) is converted into 
25 2',4,5,6,7,7-hexafluorofluOTescein diphosphate, tetraammonium salt (97). 

Preparation of Fluorinated Analogs of Cakdn-AM: 

General Method R 

30 

The fluorinated dye is dissolved in ethanol and6 M KOH is addedto make a 0.2 M solution. 
The resulting solution is treated with 3 equiv. of immodiacetic acid, followed by aqueous formaldehyde 
(4 equiv.). The solution is heated at 65 **C overnight, then doubled in volume with water/ethanol. The 
pH is lowered to 2.0 using aqueous HCl, and the precipitate collected by filtration. The intCTmediatc is 
35 partially purified by trituration with acetone, followed by filtration, suspension in DMF and treatment 
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with 10 equiv. diisopropylethylamine (DIEA) and acetic anhydride (4 cquivO. After 30 minutes, more 
DIEA (7 equiv.) is added, followed by water dropwise until homogeneity is achieved. Bromomcdiyl 
achate (IS equiv.) is added, and the solution is stirred overnight The mixture is partitioned between 
ethyl acetate and water. The organic layer is washed with brine, concentrated and then purified by 
5 preparative TLC, using hexanes:ethyl acetate as eluant, giving the pure product as a coloriess oil. 



Table 12 



Starting Material 


Method 


Product 
(Cpd. No.) 


25 


R 


0 
II 

>7 / \ II II 

O ^ ^ CHgNtCHgOOO^OOayg 

OCCH. 
II 3 

o 

(98) 


29 


R 


O 

II 

>7 / \ II II 

0 

(99) 
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o 


H,R 


0 0 D 
II II ?i 
CH3COCH20C(CH2)2 OCCH3 

1 / ( ° ° 


^ fX^C 

T 




// / \ " II 

>\ u z ' z 2 a 2 


F 




a^COCH20C(CH2)/^OCCH3 
00 0 
(100) 



Prefiaration of caged flnonnated fioorophores 



Fluorinatcd fluorophores are caged using methods well-known in the art for caging fluoresceins. 
For example, treatment of 2'.4,5,6,7,7'-hexafluorofluorescein (26) with 5-(t-butoxycarbonylmethoxy)«2- 
nitrobenzyl iodide and Ag20, followed by purification using chromatography yields non-fluorescent 
bis<5-t-butoxycarbonylmcthoxy)-2-nitrobcnzyt-caged 2',4^,6,7,7'hexafluon)fluorescein (101) in 46% 
yield. The product is initially quenching, but becomes fluorescent upon irradiation. 

Prqwation of ion indioitors incorponiting flnorinated fluorophores 

Ion indicators incorporating fluorinated fluorophores are readily prepared utilizing published 
roeAods. 



Table 13 



Starting 
Materia] 


Reagent 


Product 
(Cpd.No.) 


33 


isobutyl chloroformate 
(91% Yield) 


(CH^LCHO-C-O-C^ 
(1«2) 
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102 


a) S-amino BAPTA, 
tetramethyl ester^ 

b) KOH 
(32% Yield) 


^^^^^ 
c=o 

NH 

(103) 


102 


S-amino BAPTA, 

tetraacetoxym^yL 

ester* 

(52% Yield) 


o=c 

NH 

itS C) 

o o o o 

(104) 


102 


a) S^'-diamino BAPTA 
tetramethyl ester* 

b) thiopbosgene 

c) aminodextran 


^i^^COOH 

S,,>jJ DEXTRA^ 
T NH 

c=o s=c 

NH NH 

(HCXXHglgN N(CH2COH)2 
(105) 
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102 
















c=o 

NH 
















(106) 



Preparation of a nucleotide conjugate nf 2 '.7'Mlifluivfnfluorescein-S-fand-6Vcarboxvlic ariH- 



10 



To 2 mgof 5-(3-aminoallyl)-2'-deoxyuridine-5'-triphosphate, ammonium salt in 100 water is 
added 3 mg of Compound 72 in 100 ofDMF. followed by 5 uLtriethylamine. After 3 hours at room 
temperature, the solution is evaporated and the residue is purified on lipophilic SEPHADEX using water 
for elution. The first green fiuorescent fiactions are combined and lyophilized to give the fluorescent 
nucleotide conjugate as an orange solid (Compound 107). 



Ahematively a fluoiescent conjugate (Compound 108) of deoxyuridine-5'-triphosphate is 
prepared using 5-(3-amino-l-propyiorl)-2'-deoxyuridine-5'-triphosphate in place of S-(3-amlnoallyl)-2'. 
deoxyuridine-S'-triphosphate (as described in Hobbs. Jr. et al, supra). 



*5 Pnwnttion of an oligonucleotide conjugate nf y .4'.S'.r.tetnifliw>rofluorescein-S-fand.6VciiTbn«YB f^ 



20 



A sample of 500 fig of a 5'-amine modified, 24-base M13 primer sequence is dissolved in 220 
fiL 0.1 M NaHC03, PH 8 J. To this is added 1 mg of Cinnpound 65 in 35 jiL DMF. After 16 houis at 
room temperature, 15 nL of 5 M NaCl and 3 volumes of cold 100% edianol are added. Tlie mixture is 
cooled to -20^, centrifiiged, the ethanol supeniate is decanted, and the pellet is rinsed and dissolved in 
100 nL H2O. The labeled oligonucleotide is purified by HPLC on a 300A C8 reverse phase column 
using a lamp gradient <tf 0.1 M triethylammonium acetate (pH ~7) and acetonitrile (15->60% over 30 
min). The desired peak is collected and evaporated to give the fluorescent oligonucleoUde. 
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Preparation of a drug conjugate of 2\7'-difhion)fluorescein*5-^and-6Visothiocvanate: 



A fluorescent dopamine E>2 antagonist is prepared as follows: 

5 

To 10 mg of M(^aminophenethyl)spiperone (Amlaiky et al., FEBS LETT, 176, 436 (1984)), 
and 10 ^L^^-diisopropyiethylamine in 1 mLof DMF is added 15 mgof 2\7'-difluorofluorescein-5- 
(and-6)-isothiocyanate (Compound 76, Example 77). After 3 hours, the reaction mixture is poured into 5 
mL diethyl^her. The precipitate is collected by centrifiigation and purified by chromatography on silica 
1 0 gel using 1 0% methanol in chloroform to give the pure product as an orange solid. 

Protein coniugates of fluorinated dves: 

A series of dye conjugates of goat anti-mouse IgG or streptavidin are pr^>ared separately using 
1 5 Compound 64» Compound 61, 9-(4-carboxy-2-sulfophenyl)-2,7-difluoro-6-hydroxy-3/f-xanthene-3-one, 
succinimidyl ester (Compound 109); and fluorescein isothiocyanate as follows: 

A solution of the desired protein is prepared at 10 mg/mL in 0.1 M sodium bicarbonate. The 
labeling reagents are dissolved in DMF at 10 mg/mL. Predetermined amounts of the labeling reagrats 

20 are slowly added to the protein solutions with stirring. A molar ratio of 10 equiv. of dye to 1 equiv. of 
protein is typical, though the optimal amount varies with the particular labeling reagent and tiie protein 
being labeled. The reaction mixture is incubated at room temperature for one hour, or on ice for several 
hours. The dye-protein conjugate is separated from other reagents on CELLUFINE GH-25 equilibrated 
with PBS. The initial, protein-containing colored band is collected and the degree of labeling is 

25 determined by the absorbance at the absorbance maximum of each fluorophore, using the extinction 
coefBcinit of 6S,000 cm-lM** for fluorescein at pH 8, and of 70,000 cm-^M-l for the <rthcr three 
fluorinated fluorophmes at tiieir abs(»ption nmxima. The protein concentration is determined from the 
optical density at 280 nm corrected for the dye abscnption at the same wavelength. 

30 Total fluorescence of selected dve-protein coniugates as a function of degree of substitution: 

A series of goat anti-mouse IgG conjugates is prepared as described above using Compound 64, 
Compound 61, Ccnnpound 109; and fluorescein isothiocyanate so as to yield derivatives with similar 
degrees of substimtion. Fluorescence of die conjugates of the fluorinated fluoresceins is higher than lhat 
35 of FITC. Furthennore, fhtorescence of antibody conjugates of Compound 59 and Compound 109 do not 

52 



wo 97/39064 



PCT/US97/06090 



quench appreciably, even at high degrees of substitution, as shown in Figure 1. 

Labeling B-galactosidase with a fluorinated fluorescein diacetate : 

Escherichia coli p-galactosidase (3 mg) in 150 phosphate-buffered saline pH 7.5 is treated 
5 with 13.6 nL of 1 mg/mL stock solution of Compound 25 in DMSO. After I hour the pH is raised to 10 
with Na2C03 for 2 hours to remove the acetates. Unreacted dye is removed on a spin column. The 
degree of substitution is estimated at 8.6 using e = 85,600 cm-lM-1 at 515 nm. Direct labeling of p- 
galactosidase with Compound 34 at the same dye:protein ratio results m minimal protein labeling. 

10 Labeling and use of whea t germ agglutinin with 2'.7'-difluorofluorescein: 

Wheat germ agglutinin (25 mg, EY Laboratories) is dissolved in 5 mL sodium carbonate buffer 
pH 9.0 containing 5 mM N-acetylglucosamine to protect the active site. To this is added 3.5 mg of 
Compound 76. After 1 hr at room temperature the solution is purified as described above for protein 
15 conjugates. Followed by lyophilization, a degree of substitution of 2-3 dyes per molecule is dctcmined 
from the absorption at 490 nm. When used according to Sizemore et al. (U.S. Patent No. 5,137,810) the 
conjugate can distinguish between Gram-positive and Gram-negative bacteria. 

Labeling of acti n filaments with Compound 73 and photobleachin^: 

20 

CRE BAG 2 filroblasts are fixed with formaldehyde, permeabilized with acetone and then 
Gained with the fluorescent phallotoxins fluorescein phalloidin and Compound 73. The stained cells 
exhibit green fluorescent F-actin filaments. Each sample is continuously illuminated and viewed on a 
fluorescence microscope. Relative photobieaching, as shown in Figure 4, cleariy demonstrates the 
25 superior photostability of the fluorinated dye^njugate. 

Once the F-actin filaments are stained, additional cellular compcHients are optionally stained 
using other dye-conjugates having spectral properties that are readily distinguishable from those of the 
fluorinated dye-conjugate. For example, cdl nuclei are stained fluorescent blue using DAPl, while cell 
30 antigens are stained red using a fluorescent antibody conjugates of a rhodamine or carbocyanine dye, 
such as TEXAS RED dye or CY-5 dye, respectively. Both the staming and subsequMt visualization^ 
the discrete cell components may be performed simultaneously or sequentially. 

Preparation an d use of a fluorescent a-bun^arotoxin: 
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a-Bungarotoxin (1 mg) in 25 fiL 0.1 M NaHC03 is treated with 1 .5 equivalents of Compound 63 
at room temperature for 2 hours. The product is purified on CM-SEPHADEX. Staining of acetylcholine 
receptors and detection of their resulting fluorescence is comparable to that of fluorescein-conjugated a- 
S bungarotoxin, except that the fluorescence of the fluorinated dye^njugate is more resistant to 
photobleaching. 

Preparation of a dextran coniuseate of Compound 76: 

10 Compound 76 is treated with cyanuric chloride to yield the dichlorotriazine adduct (Compound 

llOX which is used to label the free hydroxyl groups of a polysaccharide. 

A 70,000 MW dextran (50 mg) is dissolved in 2.5 mL of 0.2 M Na2C03 (pH 9.5). Compound 
110 (20 mg in 1 mL DMSO) is added. The solution is heated to 50 "C for 6 hours while maintaining the 
15 pH at 9.5-1 0.0 with 1 M NaOH, The dye-dextran conjugate is purified on SH>HADEX G- 1 5 using 30 
mM ammonium acetate. The first colored band is collected and lyophilized. 

Preparation of aminodextran conjugates of fluorinated fluoresceins: 

20 70,000 N4W aminodextran (50 mg) is dissolved at 10 mg/mL in O.I M NaHC03. Compound 61 

is added to a give dye/dextran ratio of 12. After 6 hours, the conjugate is purified on SEPHADEX G-50 
eluting with water and the product is lyophilized. Typically -6 moles of dye are conjugated to 70,000 g 
dextran. 

25 Preparation of fluorescent liposomes : 

Fluorescent liposcmtcs containmg polar derivatives, such as Compound 36 or 2\7'- 
difluorocakein (fnepared by hydrolysis of CcHnpound 99) on their intmor are |»repared and used 
essentially as described in J. BIOL. C:HEM. 257, 13892 (1982) and PROC. NATL. ACAD. SCI. USA 75, 
30 4194 (1978). Attematively, liposomes containing lipophilic fluorinated fluoresceins within their 

membranes such as Gompemd JS^are prepared by codissolving the flwmscent tipid and the unlabeled 
|riiospholipid(s) that make up the liposome before forming the liposome dispersion essentially as 
described by Szoka, Jr. ct al. (ANN. REV. BIOPHYS. BIOENG. 9, 467 (1980)). 
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Preparations of a fluorescent low density lipoprotein ! 

Covalent conjugates of human low density lipoproteins (LDL), which are known to be taken up 
by macrophage, endothelial and other cells that possess "scavenger" receptors specific for the modified 
LDL, are prepared using the methods described for preparing protein conjugates, with purification by gel 
filtration. Binding of the fluorescent conjugates can be detected by either fluorescence microscopy or 
flow cytometry- Alternatively, LDL labeled in its lipid domain can be prepared by incubation of the 
LDL with the lipophilic fluorescent dye dispersed in buffer, followed by gel filtration. 

Preparation of fluorescent cnnp^pr^tAc nfUfu-t^^- 

Heat-killed Escherichia coli are suspended at 10 mg/mL in pH ^ buffer then incubated with 
0.5- 1 .0 mg/mL of an amme-reactive fluorinated dye. After 30-60 minutes the labeled bacteria arc 
centrifiiged and washed with buffer to remove any unconjugated dye. Labeled bacteria that are 
opsonized are taken up by macrophage, as detwmined by flow cytometry. 

Utility of protein coniupates as immu noreagents and resistance to photobleachtnff; 

Antibody conjugates of Compound 59; Compound 61; Compound 109; and fluorescein, 
succinimidyl ester are prepared with degrees of substitution of approximately 4-6. INOVA slides are 
rchydratcd in 1% bovine serum albumin (BSA) in phosphate buffered saline (PBS) for 30 minutes. The 
slide is drained thoroughly. Human autoantibody is applied, the slide is incubated 30 minutes and rinsed 
with PBS. Mouse anti-human antibody is applied and the slide is incubated 30 minutes and rinsed with 
PBS, Each green fluorescent goat anti-mouse antibody conjugate is applied as a 10 ^g/mL solution, 
dihited in 1% BSA/PBS. After 30 minutes, the hbeled slides are rinsed in PBS, then in 50 mM Tris pH 
8.0, mounted in 50 mM Tris pH 8,0, and viewed through a bngpass fluorescein fiher. All samples give 
predominantly nuclear staining. One image of the slide is acquired every 5 seconds for 1 00 seconds with 
coninuous illumination of the specimen, using a fluorescein long-pass fiher. Three fields of celb are 
bleached using Ais method, and the photobleaching values are normalized and averaged. The average of 
tiiree runs for each conjugate is then normalized and plotted. The results are shown in Figure 2. It is 
observed that antibody conjugates of the fluorinated dyes are significantly more photostable than the 
fluOTescein conjugate. 

In ^itu hybridization of an RNA probe prepared using fluorescent nucleotide coniugates: 
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A UTP conjugate of Compound 72 is prq>ared using S-(3*aniinoaUyl)-urtdine-5'-triphosphate, 
ammonium salt (Sigma Chemicd). 

5 Mouse fibroblasts are fixed and prepared for mRN A in situ hybridization using standard 

procedures. A fluorophore-labeled RNA probe is prepared by in vitro transcription of a plasmid 
containing the mouse actin structural gene cloned downstream of a phage T3 RNA polymerase promoter. 
Labeling reactions consist of combining 2 DNA template ( I ^g DN A), 1 ^L each of 1 0 mM ATP, 
CTP and GTP, 0.75 pL 10 mM UTP, 2 J pL 1 mM fluorescent UTP-Compound 72 conjugate, 2 ^iL lOX 

10 transcription buffer (400 mM Tris, pH 8.0, 100 mM MgCl2, 20 mM spermidine, 100 mM NaClX 1 

T3 RNA polymerase (40 units/^L), I 2 mg/mL BSA, and 8.7S ^L water. Reactions are incubated at 
37 **C for two hours. 

The DNA template is removed by treatment of the reaction with 20 units DNase I for 1 S minutes, 
1 5 at 37°C. The RNA transcript is purified by extraction with an equal volume of phenolxhloroform, 1:1, 
then by chromatography through SEPHADEX G50. Labeled RNA is denatured for S minutes at SO'tZ, 
then hybridized to cellular preparations using standard procedures. When preparations are washed and 
viewed through a fluorescein filter on a fluorescence microscope, cells expressing actin mRNA show 
bright green fluorescence. 

20 

The use of Compound 96 for tfie detection of acid phosphatase activity : 

The rate of fluorescent product generation is measured by exciting a solution of 1 0 ^M 
Compound 96 or fluorescein diphosphate (FDP) at 490 nm while monitoring the emission at S 1 S nm in a 
25 fluorometer in the presence of O.l units of prostatic acid phosphatase at pH 5. Under these conditions, 
acid phosphatase produces about a 6.5 times greater change in signal using Compound 96 than FDP. 

The use of Compound 94 for the detection of acid B-gaiactosidase acttvitv : 

30 The fluorescence resulting from the action of acid P-galactosidase from bovine testes on 

fluorescein digalacteMd*^^D&>aiidCompound 94 is compared. The fluorescence uicrease al 512 an 
when excited at 490 nm is measured versus time for 50 ^M substrate with 4.6 nM enzyme in assay buffer 
(200 mM sodium phosphate + 75 mM citric acid, pH 4.5). The initial rate of fluorescence production 
from C^ompound 94 is 3.0 times that obtamed using FDG. 
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The use of 4.S,7-trifluorD-6-niedioxvfluorescein diyalactoside rTFMFDG^ and Compound 95 for the 
detection of endogenous f Ivsosomah B-gatactosidase activity m intact cells : 

5 NIH 3T3 cells that are not transfected with exogenous ^galactosidase are cultured in Duibecco's 

Modified Minimal Essential Medium supplemented with 10% fetal bovine serum and 2 mM L- 
glutamine. Stock solutions of TFMFDG and Compound 95 in PBS are added to the cell culture medium 
at 1 ^M. After 30 minutes at 37 **C the cells are put on ice and assayed immediately by flow cytometry 
using a FACS-Vantage instrument equipped with an argon-ion laser (488 nm excitatim). Fluorescence 

10 signals in FLl nonnalized for the known fluorogenic substrate FDG show that TE^MFDG and Compound 
95 give signals 48. 1 and 4. 1 times that of FDG, respectively (Table 1 4). 



Table 14 



Substrate 


FIttoreseeiice Emission 


fluorescein digalactoside 


1.0 


Compound 95 


4.1 


TFMFDG 


48.1 



15 The use of Compound 84 for the detection of horseradish peroxidase (HRP> activfn^ ;;7 vitro : 

A 2 mM solution (0.5 mL) of Compound 84 is prepared in watr . An equ''; volume of OPD 
buffer (0.5 M Phosphate-citrate buffer) without hydrog^ peroxide f; H 5.5, 0.^' mL) is added. Minor 
background fluorescence, indicating the presence of some contaminating oxidized dye, serves to provide 
20 a fluorescence signal at time 0. To another 0.5 mL of a 2 mM solution of Compound 84 is added OPD 
buffer with hydrogen peroxide (0.5 mL), causing no detectable fluorescence increase. Addition of HRP 
(1 pL, 10^ Units) causes an immediate production of bright yellow flucmscence. 

Cell labeling with fluorinated fluorescein diacetates: 

25 

Cells from a human lymfdioid B-cell culture in RPMI 1640 medium are treated with 1 \xM 
Compound 25, Compound 26, or fluorescein diacetate (FDA) at 37 ^C for 30 minutes. Following 
centrifugation and washing in PBS, the pellets are resuspended in RPMI 1640 medium for 1 5 min, 
recentrifiiged, washed in PBS, fixed with 3.7% formaldehyde in PBS and analyzed by flow cytometry 
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using 488 nm excitation. Cells stained with Compounds 25 and 26 show significantly higher 
fluorescence than those stained with FDA after two hours (Figure 5). Fluorescence in the ceils can be 
detected for at least 24 hours and the dye does not transfer to other cells when the labeled cells axe mixed 
with unlabeled cells. Cells stained with 2',4',5',7'-tetrafluorofluorescein diacctate are also weakly 
fluorescent Altemattvely, the stained and washed cells are viewed or analyzed without flxation. 

Detection of products of fluorinated dves in ce^ f^- 

Cells that have been stained with Compound 25 are gently lysed using PBS with 0. 1% NP40. 
After removal of debris by ccntrifiigation at 400 xg for 5 mmutes, the supernatant is spin fih«d by 
centrifiigation for 30 minutes at 1 5,000 xg. The filtrate is analyzed using HPLC. The fluorescent 
products in the retained fraction are shown to contain both 4,5,6,7-tetrafluorofluorescein and its 
glutathione adduct (retention times 14.7 minutes and 1 1.6 minutes, respectively, as confirmed by HPLC 
of reference compounds prepared separately using 44,6,7-TFFDA). Using SDS gel electrophoresis, the 
cell lysate is shown to contain several proteins, only some of which are fluorescent 

Quenchinst of the fluoregscence of 2'.r- difluorofluorescein bv rabbit polyclonal anti-fluorescein IpH 
fH+U fraction: 

Solutions of 5 X 10-9 M fluorescein and 5 x 10*9 M Compound 29 are prepared in 100 mM 
potassium phosphate buffer, pH 8.0. The fluorescence of each solution is read with excitation at 490 nm. 
Sequential additions of 0.5 mg/mL rabbit polyclonal anti-fluorescein IgG (H+L) fraction (Molecular 
Probes, Inc.) are added and the fluorescence measurements are repeated. The intensities are recorded in 
Table 15: 



Table 15: 



Antibody 
volume (iiL) 


Fluorescence Intensity 




fluorescein 


Compound 29 


0 


100% 


100% 


2 


84.6% 


83.6% 


4 


68.8% 


67.3% 


6 


543% 


51.9% 
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8 


38.5% 


36.5% 


10 

1 v 




DO/ 

23.0% 


12 


11.7% 


13.4% 


15 


4.4% 


6.3% 



The results show virtually identical binding and quenching of the two dyes. 



Procedure for pH titration of fluorinated fluorophores: 

5 

The dye of interest is first dissolved in a series of buffers that have each hem calibrated using a 
pH meter. Acetate buffers are typically used in the range of pH 4-6, and phosphate buffers in the pH 
range 6-8. Absorption measurements are made using solutions diat are approximately 10 in 
ccMicentration, and fluorescence measurements arc made using solutions that arc approximately 1 ^iM in 
1 0 concentration. The absorption or emission data is then plotted vs. pH to determine pKa values. For 
example. Figure 3 shows the fluorescence emission data for 2',7'-difluorofluorescein (pKa -4.7) and 
fluorescein (pKa --6.4) plotted versus the pH of the solution. The data shows that fluorination of Ac 
fluorophorc has lowmd the pKa of fluorescein significantly. The pKa of the fluorinated fluorescein is 
ev«i lower than that of 2',r-dichlorofluoresccin (pKa -5.1). 

15 

It is to be understood that, while the foregoing invention has been described in detail by way of 
illustration and example, numerous modifications, substitutions, and alterations arc possible without 
departing from the spirit and scope of the invention as described in the following claims. 
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What is claimed is: 

1 . A method of pfeparing a fluorinated resorcinol having the formula: 




wherein 

r2 and are independently hydrog^ fluorine, chlorine, hydroxy, alkyl having 1-6 
carbons or alkoxy having 1-6 carbons; provided at least one of R^ r2 and R^ is fluorine; 

ccmprising the steps o^ 

a) treating a substituted nitrofluorobenzene having the formula 




wherein 

R1 and r2 are independently hydrogen, fluorine, chlorine, alkyl having 1-6 carbons or alkoxy 
having 1-6 carbons; 

R4 is hydrogen, fluorine, chlorine, alkyl having 1-6 carbcHis, alkoxy having 1-6 carbons or nitro; 

R^ and R^ are independently alkoxy having 1-6 carbons, benzyloxy or F; and 
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R^isHornitro; 
provided dial 

exactly one of and R^ is nitro; 

at least one of R3 and R^ is F; and 

at least one of Rl, r2 and R^ is F; 

with a displacing ion that is an alkoxide ion having 1-6 carbons or a benzyloxide ion to yield a 
nitroresorcinol diethen 

b) reducing the nitroresorcinol diether to yield an aminoresorcinol diether, 

c) diazotizing the aminoresorcinol diether to yield a resorcinol diedier diazonium salt; 

d) dediazotizing the resorcinol diether diazonium salt to yield a resorcinol diether, and 

e) cleaving the resorcinol diether to yield said fluonnated resorcinol. 

2. A method, as in Claim 1. wherein the fluonnated resorcinol is 2-fluororesorcinol, 4-fluororesorcinol, 
5-fluororesorcinol, 2,4-difluororesorcinoI, 4,5-difluororesorcinol, 2,S-difluorcrcsorcinol or 2,4,5- 
trifluororesorcinol. 

3. A compound having the formula 
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or the formula 




5 wherein 

r1 and are independently H, F, CI, Br, I, C|-Ci8 alkyl or C]-Ci8 alkoxy; 

r2 r3. r4 and r5 are independently H, F, CI, Br, I, CN; or Ci-Cig allcyl, Cj-Cig alkoxy or Ci-Ci g 
10 alkylthio, where each alkyl, alkoxy or alkylthio is optionally further substituted by F, CI, Br, I, sulfonic 
acid, salt of sulfonic acid, carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a C1-C5 
alcohol, a carboxylic acid ester of -CH2-0{C==0)-R18 where R^* is a Ci-Cg alkyl, or amino, 
alkylamino, diaikylamino, or alkoxy, the alkyl portions of which independently have 1-6 carbons; or one 
or both of R3 and r4 are -CH2N(CR19hCOOR»7)2, wheie r19 is H or a Cf-Ce alkyl, r17 is H, a 
IS biologically compatible counterion, a linear or branched alkyl having 1-6 carbons, or -CH2-0-(C=0>- 
Rl8; 

A is OR^orNR^R^, 

20 where each R'^ is independently H, C|-Cig alkyl or a C]-C]g acyl that is optionally substituted 

by amino, hydroxy, carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a Ci-C^ 
alcohol, a carboxylic acid ester of -CH2-0-(C=0)-R1 ^; or a triatkylsilyl wherein each alkyl 
group independently has 1-6 carbons; 

25 where each R* and r9 are independently H, C 1 -Cg alkyl, C i -C5 carboxyalky I, C \ -Cg 

sulfoalkyt, a salt of C \ -C5 carboxyalkyl, a salt of C 1-C5 sulfoalkyl, or C i-C | g acyl wherein the 
alkyl portions are optionally substituted by amino, hydroxy, carboxylic acid, salt of carboxylic 
acid, a carbo^lic acid ester of a C1-C5 alcohol, a carboxylic acid ester of -CH2-0-(C=0>R^^, 
sulfonic acid, sah of sulfcmtc acid; or R^ in combination with R^, or R^ in combination with R^, 

30 or both, form a saturated S- or 6-membered ring that is optionally substituted by one or more 
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methyls; or r8 in combination with R9 forms a saturated 5- or 6-membered heterocycle that is a 
piperidine, a morpholine. a pyrrolidine or a piperazine, each of which is optionally substituted by 
methyl, carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a Ci-Cg alcohol, or a 
carboxylic acid ester of -CH2-0-(C=0)-R1 8; 

RlO is F. carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a Ci-Ce alcohol, or a 
carboxylic acid ester of .CH2-(MC=0).r18; or RlO is C,-Ci8 alkyi, alkenyl or alkynyl that is 
optionally substituted one or more times by F. CI, Br, carboxylic acid, a salt of carboxylic acid, a 
carboxylic acid ester of a C,-C6 alcohol, a carboxylic acid ester of -CH2-CKC=0)-R18 sulfonic acid, 
salt of sulfonic acid, amino, alkybmino, or dialkylamino, the alkyl groups of which have 1-6 carbons; or 
RIO has the formula 




where R12 r13, r14 r1 5^r16^ independently H. F. CI, Br, I; or sulfonic acid, salt of 
sulfonic acid, carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a Ci-C6 
alcohol, a carboxylic acid ester of -CH2-CMC=0)-RI » CN. nitro. hydroxy, aado, amino, 
hydrazine; or Cj-Cig alkyl. C,-Cjg alkoxy, Ci-Cig alkylthio. Ci-C^ alkylamino, CKig 
alkylester, Ci-Cig aflcylamido or Ci-Cig aiyhunido. the alkyl or aryl portions of which are 
optionally substituted one or more times by F, CI, Br, I, hydroxy, carboxylic acid, a salt of 
carboxylic acid, a carboxylic acid ester of a Ci-Cg alcohol, a carboxylic acid ester of -CH2-O- 
(C=0).Rl8 sulfonic acid, salt of sulfonic acid, amino, alkylamino, dialkylamino or alkoxy, the 
alkyl portions of each havmg 1-6 carbons; or one pair of adjacent substituents R" and Rl4 rI4 
and Rl5 or r15 and R16, when taken in combmation, fonii a fused 6-membeied aromatic ring 
that is optionally fiiither substituted by carboxylic acid, a salt of carboxyUc acid, a carboxylic 
acid ester of a Ci-C^ alcohol, a carboxylic acid ester of -CH2-0-(C=0)-R18; and 

R»I isH, hydroxy, CNoraCi-qsalkoxy;orRlO in combination withRU forms a S-membered 
spirolactone ring or a S-membered spirosultone ring; or r1 1 in combination widi r12 fonns a 5- or 6- 
membered spirolactone ring or a 5- or 6-membered spirosultone ring that is optionally and independently 
substituted by H, F or CH3; or Rl© when taken in combination with R> 1 is a carbonyl oxygen; 
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provided that at least one of rI, r2 r3, r4 r5, r6 rIO, r12 r13^ r14 r15 or r16 is F, and, where 
only one of r1, r2 r3, r4 r5, r6 rIO, r12^ r13^ r14^ r15 or r16 is F, R»4 is not F. 

4. A compound, as in Claim 3, wherein at least one of R2, r3, r4^ r5^ r7^ r8^ r9^ rIO^ r12 r13, r14 
r15 and r16 is -L-Rx, or is modified to be -L-Rx, where each -L-Rx is optionally the same or different; 
and 

L is a single covalent bond, or L is a covalent linkage having 1-24 nonhydrogen atoms selected 
from the group consisting of C, N, O and S and is composed of any combination of single, 
double, triple or aromatic carbon-carbon bonds, carbon-nitrogen bonds, nitrogen-nitrogen 
bonds, carbon-oxygen bonds and carbon-sulfur bonds; and 

Rx is a reactive site. 

5. A compound, as in Claim 3, whmin at least one -L-Rx is modified to be -I^Sc, where each -L-Sc is 
optionally the same or different; and 

L is a smgle covalent bond, or L is a covalent linkage having 1-24 nonhydrogen atoms selected 
from the group consisting of C, N, O and S and is composed of any combination of single, 
double, triple or aromatic carbon-carbon bonds, carbon-nitrogen bonds, nitrogen-nitrogen 
bonds, carbon-oxygen bonds and carbon-sulfiir bonds; and 

is a conjugated substance. 

6. A compound, as in Claim 3, 4, or 5, wherein at least one of R^, R* or r9 is modified to be a BLOCK; 

wherein each BLOCK moiety is indepoidently a monovalent moiety derived by removal of a hydroxy 
group from phosphate or from sulfate, or a biologically compatible salt thereof; or a monovalent moiety 
derived by removal of a hydroxy group from a carboxy group of an aliphatic or aromatic carboxylic acid 
or of an amino acid, protected amino acidv peptide,-0r protected peptide; or a monovalent moiety derived 
by removal of a hydroxy group from an alcohol or from a mono- or polysaccharide, where said BLOCK 
is selected to be removable from said compound by action of an enzyme; or BLOCK is a photolabile 
caging group. 
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7. A compound, as in Claim 3» 4, or 5, wherein at least one of R2, r3, r4 or R5 is F. 

8. A compound, as in Claim 3, 4, or 5, wherein R2 and R^ are F. 

5 

9. A compound, as in Claim 3, 4, or 5, wherein at least three of R'^, r14 r15^ and R^ 6 is F. 

10. A compound, as in Claim 3, 4, or 5, wherein r12 is carboxyiic acid, a salt of carboxylic acid, a 
sulfonic acid or a salt of sulfonic acid. 

10 

1 1 . A compound, as in Claim 3, 4, or 5, wherein r1 and R6 are H and r2, r3, r4^ r5 ^ independently 
H, F, CI, Br, I or C\-Cs alkoxy. 

12. A compound, as in Claim 3, 4, or 5, wherein A is 0R7. 

15 

13. A compotmd, as in Claim 12, wherein each R^ is H. 

14. A compound, as in Claim 3, 4, or 5 wherein R^ ^ is H. 

20 15. A compound, as in Claim 3, 4, or 5, wherein A is NR8r9, 

16. A compound, as in Claim 3, 4, or 5, wherein each of substituents R^, R2, r3^ r4^ r5^ r6^ r13^ r14^ 
R15 and R16 are cither F or H. 

25 17. A compound, as in Claim 3, having the formula 



HO 



r2 
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wherein 

r3, r4 and r5 are independently H or F; 

5 

R*2 is carboxyiic acid, a salt of carboxylic acid, a carboxylic acid ester of a C1-C5 alcohol, sulfonic acid 
or a salt of sulfonic acid; 

r13,r14 Rl5andRl6 

are independently H; F; carboxylic acid; a salt of carboxylic acid; a carboxyiic 
10 acid ester of a Ci-Cg alcohol; a carboxylic acid ester of -CH2-0-(C=0)-R18» sulfonic acid; saft of 
sulfonic acid; or Cj-C^ alkylthio that is optionally substituted by carboxyiic acid, a salt of carboxylic 
acid, a carboxylic acid ester of a C\-C^ alcohol, or a carboxylic acid ester of -CH2-CKC=0)-R^8 

1 8. A compound, as in Claim 4 or 5, wherein each L independently contains 1-6 carbon atoms, is a 

15 single covalent bond, or the longest linear segment of L contains 4-10 nonhydrogen atoms including 1-2 
heteroatoms. 

19. A compound, as in Claim 4 or 5, wherein exactly one of R12^ r13^ r14^ r15 and R*6 is -L-R^ or 
-L-Sc . 

20 

20. A compound, as in Claim 4 or 5, wherein exactly one of r2 r3, r4^ r5^ r7^ r8^ r9 or r1^ is -I^Rx 
or -L-Sc- 

21 . A compound, as in Claim 4, wherein Rx is an acrylamide, an activated ester of a carboxylic acid, an 
2S acyl azide, an acyl halide, an acyl nitrile, hydroxy, an aldehyde, an alkyl halide, a sulfonate, an amine, an 

anhydride, an aniline, an aryl halide, an azide, an aziridine, a boronate, a carboxylic acid, a carbodiimide, 
a diazoalkane, an epoxide, a glycol, a haloacetamide, a halotriazine, a hydrazine, a hydroxylamine, an 
imido ester, an isocyanate, an isothiocyanate, a ketone, a maleimide, a phosphoramidite, a silyl halide, a 
sulfonyl halide, or a thiol group. 

30 

22. A compound, as in Claim 21, wherein Lis a single covalent bond and R^ is a carboxylic acid, an 
activated ester of a carboxylic acid, an amine, an azide, a haloacetamide, an alkyl halide, a sulfcHiyl 
halide, an isothiocyanate, or a maleimide group. 
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23. A compound, as in Claim 5« wherein Sq is an amino acid, peptide, protein, poiysacchahde, 
ion-complexing moiety, nucleotide, oligonucleotide, nucleic acid, drug, lipid, lipophilic polymer, non- 
biological organic polymer, animal cell, plant cell, bacterium, yeast, or virus. 

24. A compound, as in Claim 23, wherein Sc is a phospholipid, lipoprotein, lipopolysaccharide, or 
liposome. 

25. A compound, as in Claim 23, wherein Sq is an amino acid, peptide, protein, nucleotide, an 
oligonucleotide, a nucleic acid, an ion-complexing moiety, a polysaccharide, or a non-biological organic 
polymer or polymeric microparticle. 

26. A compound, as in Claim 25, wherein is an antibody, antibody fragment, avidin, stieptavidin, 
lectin, protein A or protein G. 

27. A compound, as in Claim 6, wherein A is 0R7 and R7 is BLOCK. 

28. A compound, as in Claim 27, wherein BLOCK is an ester of phosphate, sulfate or an aliphatic or 
aromatic carboxylic acid. 

29. A compound, as in Claim 6, wherem BLOCK is an ether of an alcohol or a mono- or polysaccharide. 

30. A compound, as in Claim 6, wherein R*^ and R^ are BLOCK and BLOCK is a photolabile caging 
group that is an o-nitroarylmethine, a 2-methoxy-5-nitrophenyl or a dcsyl moiety. 

3 1 . A compound, as in Claim 6, wherein R^ is H; r8 is BLOCK where BLOCK is an amino acid, a 
peptide or a protected peptide; or R* is a Ci-Cig aliphatic carboxylic acid, aiyialkanoic carboxylic acid 
or alkylaromatic carboxylic acid, the alkyl and aryl portion of which are optionally substituted one or 
more times by F, CI, Br, I, hydroxy, carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a 
C1-C5 alcohol, or a carboxylic acid ester of -CH2-0-(C=0)-R18. 

32. A method of staining^a biological sample, comprising the steps of: . 

a) preparing a dye solution comprising a dye craipound as in any of Claims 4, 5, 6 or 7 in a 
concentration sufficient to yield a detectable optical response under the desired conditions; 
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b) combining the sample of interest with the dye solution for a period of time sufficient for Ac dye 
compound to yield a detectable optical response upon illumination; and 

c) illuminating said sample at a wavelength selected to elicit said optical response. 

33. A method of staining, as in Claim 32, further comprising combining the sample with an additional 
detection reagent that has spectral properties that are detectably different fhim said optical response. 

34. A method of staining, as in Claim 32, further comprising the step of determining a characteristic of 
the sample by comparing the optical response with a standard response parameter. 

35. A m^od of staining, as in Claim 34, whwein the characteristic of the sample being determined is 
the activity of an oxidative enzyme in a sample, and where for said dye compound r1 ^ is H. 

36. A method of staining, as in Claim 34, wherein said sample comprises ceils, and the characteristic of 
the sample being determined is the retention efficiency of said cells, and n^erein die dye solution 
comprises a dye of die formula 




R2, r3, r4 and r5 are independentiy H, F, CI, Br, I, CN, Cj-Cig alkyi, Ci-Cig alkoxy or C]- 
C]s alkyhhio, where each alkyl, alkoxy or alkylthio is optionally further substituted by F, CI, Br, 
I, amino, alkyiamino, dialkylamino, or alkoxy, the alkyl portions of which independoitiy have 1- 
6 carbons; ch- one or both of r3 and R4 are -CH2N(CH2C00RI'7)2, where r17 is a linear or 
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branched alky I having 1-6 carbons, or -CH2-0-(C=0>R1* where R^^ is a C1-C4 alkyl; and 
BLOCK is acetate; 

in at least a minimum concentration to give a detectable optical response that is fluorescence emission. 

37. A method of staining, as in Claim 32, wherein comparing comprises tracing the temporal or spatial 
location of the optical response within the biological sample. 

38. A method of staining, as in Claim 37, wherein for said dye compound 
r2 r3, r4 and R5 are independently H or F; 

R12 is carbojQflic acid, a sah of carboxylic acid, a carboxylic acid ester of a C1-C6 alkyl, a carboxylic 
acid ester of -CH2-(HC=0)-R ^ 8, sulfonic acid or a salt of sulfonic acid; 

R'3, r14^ r15 and R^^ are independently H; F; carboxylic acid; a sah of carboxylic acid; a carboxylic 
acid ester of a C\-C^ alkyl; a carboxylic acid ester of -CH2-0-(C=0>R^ 8; sulfonic acid; salt of sulfonic 
acid; or Ci-Cfi alkylthio that is optionally sub^tuted by carboxylic acid, a salt of carboxylic acid, a 
carboxylic acid ester of a C1-C5 alkyl, or a carboxylic acid ester of -CH2-CKC=0)-R18. 

39. A method of staining, as in Claim 37, wherein for said dye compound 

one or both of r3 and R^ are -CH2N(CR1^C00R1'7)2, where R^ 7 is H, a biologically 
compatible counterion, a linear or branched alkyl having 1 -6 carbons, or -CH2-0-(C=0)-R1 ^ 
whwe r18 is a C1-C4 alkyl; and r19 is H or CH3; 

or 

one or R^3, r14^ r15 and R1^ is carboxylic acid, a salt of carboxylic acid, a carboxylic acid 
ester of a Ci^;^ alcohol, a carboxylic acid ester of -CH2-0-(C=0)-R18 where r18 is a C1-C4 
alkyl, sulfonic acid, salt of sulfonic acid, Cj-Cig allQtl, Cj^Cig alfcoxy, Gi-Cig alkyMiio, Cj- 
C]8 alkylamino, Ci-C]g alkylamidoorC]-Ci8 arylamido. 

40. A method of staining, as in Claim 39, wherein one of r13, r14 r15 and R^^ is C\-C\^ alkyl, Cj- 
Cig alkoxy, Ci-Cig alkylthio, Ci-Cig alkylamino, Ci-Cjg alkylamidoor Ci-Cig arylamido. 
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41 . A method of staining, as in Claim 37, wherein for said dye compound 

at least one of R^^, rI4^ r15 and R^^ is -L-Rx; 

5 

where Rx is a haloacetamide, an alkyl halide, halomethyibenzamido or perfluorobenzamido. 

42. A method of staining, as in Claim 37, wherein for said dye compound 
10 at least one of rJ3, r14^ r15 and R^^ is -L-Sc; 

where Sq is a protein, a polysaccharide, an ion-complexing moiety, a lipid, or a non-biological 
organic polymer or polymmc microparticle, that is optionally bound to one or more additional 
fluorophores that are the same or different. 

15 

43. A method of staining, as in Claim 37, wherein for said dye compound 

at least one R^ is a BLOCK that is a monovalent moiety derived by removal of a hydroxy group 
from a carfooxy group of a carboxylic acid, or BLOCK is a photolabile caging group. 

20 

44. A method of staining, as in Claim 32 wherein said sample further comprises cells, and wherein for 
said dye compound 

at least one R7 is a BLOCK or H; 

25 

R1 1 in combination with R^^ forms a 5- or 6-membered spirolactone ring or a 5- or 6-membered 
spirosultone ring; and 

eachofRi3-Rl6isF; 

30 

further comprising optioiisHywashmg the cells; after combinmg^the sample^ with the dyeeompoisiKi,-t9^ 
remove residual dye compound that is outside said cells. 
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Figure 1 
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Figure 3 
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Figure 4 
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Figure 5 
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